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the  only  ventilator  designed  specifically  for  neonatal,  infant,  and  pediatric  patients. 

Its  a  perfect  match! 


1    LATFORM 

Flexibility  was  designed  in.  The 
pneumatic  casting,  triple  micro- 
processor control,  two-way  fiber- 
optic communication,  and  up- 
gradeable  front  panel  guarantee 
that  the  V.I.P.  BIRD  will  stand  the 
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The  microstep  flow  valve,  with  a 
^^^  response  time  of 

S^'MP    less  than  one  msec, 
"^"  delivers  in  fractions 

of  liters.  This  valve 
lies  at  the  heart  of 
two  revolutionary 
features.  Precision 
Li'iik  (Minpenscition 
allows  sensitvity  to  be  optimized 
without  autocycling.  Atlaptiw 
Pressure  Support  modifies  flow 


acceleration  for  increased  effec- 
tiveness. Listen  for  NICU  and  PICU 
success  stories! 

Innovation 

Flow  Synchronized  Ventilation* 
(FSV)  is  about  to  change  the  state- 
of-the-art.  Using  a  0.5  Vq,  low 
resistance  flow  sensor  which  can 
stand  up  to  long  term  use,  FSV 
synchronizes  both  the  beginning 
and  the  end  of  inspiration  with  the 
patient's  breathing  pattern.  A 
randomized  study  has  shown  a 
significant  decrease  in  ventilator 
hours.  Ask  about  it! 
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COMMITMENT 

Bird  is  committed  to  continuous 
improvement.  In  just  eighteen 
months,  the  V.I.P.  BIRD  has  been 
enhanced  several  times.  Recently 
added  features  extend  pediatric 
application  and  soon. ..the  V.I.P. 

Technology  and  Value 
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BIRD  will  have  a  comprehensive 
Graphics  option. 

ii  VOLUTION 

Bird  is  listening.  New  options  are 
already  planned  for  the  years  to 
come.  Talk  to  us  about  your  ideas! 
And.. .the  V.I.P.  BIRD  is  available  at 
a  value  P.R.I.C.E.  See  first  hand 
what  everyone  is  talking  about! 
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to  attend  the  40th  Annual  Convention 
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Your  Ticket  To  Success  In  Respiratory  Care 


Membership  benefits  of  the  American 
Association  for  Respiratory  Care 

Much  of  the  support  you  give  to  the  AARC 
goes  toward  advancement  of  the  profession. 
For  instance,  did  you  l<now  that  through  the 
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Over  two-thirds  of  the  states  now  require 
that  respiratory  care  practitioners  become 
legally  credentialed  by  the  state.  These  laws, 
which  protect  patients  and  practitioners 
alike,  were  passed  because  of  hard  work  by 
the  AARC  and  its  members. 

We  assisted  the  federal  government  in 
gathering  information  on  the  costs  of 
hospital  versus  home  respiratory  care.  Our 
involvement  in  projects  like  this  strengthens 
our  image  in  Washington  as  patient 
advocates. 

Respiratory  Carl  Journal 

The  foremost  science  journal  in  the 
respiratory  care  profession,  publishing 
original  research,  case  reports,  book 
critiques,  letters,  and  monthly  features  on 
chest  radiographs,  pulmonary  function  tests, 
and  blood  gas  analysis. 

AARC  Times  Magazine 

The  premier  news  and  feature  magazine  of 
the  profession  with  management  tips, 
educational  articles,  human  interest  features, 
how-to  articles,  and  reports  on  current 
government  trends. 

AARC  Report 

A  monthly  newsletter  with  fast-breaking 
news  about  the  Association  and  other 
professional  activities. 

Government  Representation 

A  full-time  director  of  government  affairs 
works  for  you  in  Washington,  DC,  and  helps 
the  Association  leaders  plan  strategies  for 
introducing  legislation  and  influencing 
regulatory  activities  on  reimbursement 
issues,  research  projects,  consumer 
protection,  smoking  laws  and  more. 

State  (lovernment  Affairs 

The  AARC's  director  of  state  government 
affairs  works  with  the  AARC's  affiliates  to 
bring  licensure  on-line  in  all  50  states  and  to 
help  strengthen  current  acts.  The  AARC 
supports  its  chartered  affiliates  financially  in 
these  endeavors  through  grant  and  loan 
programs.  In  addition,  emphasis  Is  placed  on 
assisting  with  other  issues  on  the  state  level. 
These  include  health  reform  bills,  laboratory 
issues,  long-term  care,  and  Medicaid 
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a  transcript  of  all  your  continuing  education 
activities  to  use  as  proof  of  attendance  at 
educational  meetings. 

Educational  Aids 

Individual  Independent  Study  Packages  are 
self-  study  modules  on  30  different  clinical 
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a  series  on  smoking  cessation,  are  featured. 

Insurance 

No-cost  and  low-cost  insurance  programs 
are  part  of  AARC  membership.  You  receive 
$10,000  of  accidental  death  and 
dismemberment  insurance  free,  and  you 
receive  discounts  on  professional  liability 
insurance. 
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access  to  your  state  society  for 
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in  your  area. 

Promotional  Support 

Promotional  items  for 
distribution  at  health  fairs  are 
made  available  at  discounted 
prices. 
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perinatal-pediatrics,  continuing  care/ 
rehabilitation,  transport,  or  home  care. 

ECRl 

Discounts  are  extended  to  members  wishing 
to  order  ECRI's  publication.  Technology  for 
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Membership  Certificate 

With  your  membership  you  receive  a 
handsome  certificate  —  a  testimony  to  your 
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Meetings 

AARC  meetings  bring  you  up-to-date  on  the 
state-of-the-art  in  respiratory  care.  AARC 
members  receive  a  discount  to  all  of  these 
meetings  sponsored  by  the  AARC  — 
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Research  Reports 
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Health  Promotion 

An  active  health  promotion  committee 
provides  you  with  resources  on  smoking 
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Standards 
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organization,  makes  available  copies  of  the 
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C'linical  Practice  (iuidelines 
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you'll  be 


Sooner  or  later, 
weaniM  him  off  the  vent. 


So  wliv  not  make  it  sooner? 

Weaning  protocols  that  use  capnography 
can  help  take  the  guesswork  out  of 
weaning  decisions. 

Considering  the  time,  resources,  and  quality-of-care 
issues  involved  in  weaning  ventilated  patients,  the 
implications  are  clear.  When  the  process  of  weaning 
patients  from  the  ventilator  is  arbitrary,  it  creates  variability 
that  can  lead  to  increased  costs  and  reduced  efficiency. 
There  is  an  alternative.  Close,  continuous  monitoring 
of  end-tidal  COi-as  part  of  a  weaning  protocol -provides 
timely  information  to  help 
you  gauge  your  patient's 
ability  to  be  weaned  off  the 
ventilator.  Instituting  a 
protocol  that  leads  to  fewer 
ABGs  and  reduced  ventilator 
time  per  patient  can  save 
money,  potentially  improve 
quality  of  care,  help  reduce 
MLOS,  and  make  bed 
utilization  more  efficient. 


With  the  ULTRA  CAP  monitor, 
the  effects  of  ventilator  settings 
can  be  measured  breath  to  breath, 
rather  than  after  the  10-  to  20- 
miniite  waits  associated  with 
blood  gas  analysis. 


Make  the  ULTRA  CAP  monitor  a  part 
of  your  ventilator  weaning  process. 

Nellcor  can  help  you  integrate  capnography  into  a 
vital  and  effective  weaning  protocol.  Take  advantage  of 
our  extensive  training  and  support  materials,  including 
our  comprehensive  collection  of  institutional  weaning 
protocols.  And  you  can  use  the  ULTRA  CAP™  monitor- 
Nellcor's  premier  capnograph  and  pulse  o.\imeter-to 
implement  a  protocol  of  your  own. 

Because  when  it  comes  to  weaning  patients  off  the 
ventilator,  we  think  you'll  agree-the  sooner,  the  better. 

For  more  information,  contact  your  local  representative 
or  call  1-800-NELLCOR  or  510-463-4000.  (Call  our 
European  office  at  +31.7.3.426565  or  our  Asia/Pacific 
office  at +852.529.0363.) 

NEULCOR 


NELLCOR  and  ULTRA  CAP  arc  trademarks  of  Nellcor  Incorporated. 
©  Nellcor  Incorporated  1994.  All  rights  reserved. 
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Ventilation  of  the  Acute  Respiratory  Distress  Syndrome:  Looking  for  Mr  Goodmode  (edito- 
rial)—JJ  Marini.  Anesthesiology  1994;80(5):972.  (Pertains  to  Lessard  et  al  paper  abstracted  on 
Page  704.) 


Influence  of  Head-Neck  Posture  on  Airflow 
and  Pulmonary  Mechanics  in  Preterm 
Neonates — F  Reiterer,  S  Abbasi,  VK  Bhutani. 
Pediatr  Pulmonol  1994:17:149. 

The  influence  of  head-neck  posture  (neutral, 
15°.  30°.  and  45°  extension  and  flexion)  on  air- 
flow and  pulmonary  mechanics  was  evaluated 
in  10  spontaneously  breathing  healthy  preterm 
neonates  (mean  ±  SD:  birthweight  1.32  ±  0.23 
kg:  gestational  age  29.4  ±  2.4  weeks:  study  age 
36.6  ±  1 .6  weeks)  who  had  had  respiratory  dis- 
tress syndrome.  Head-neck  postures  were 
quantified  using  specially  constructed  wooden 
wedges.  Airflow  was  measured  by  a  pneumo- 
tachometer  via  face  mask.  Lung  compliance 
(Cl)  and  resistance  (Rl)  were  measured  using 
an  esophageal  balloon.  Airflow  interruption 
was  designated  as  mild  (10-40%).  moderate 
(40-80'/, ).  and  severe  (>  80-100%)  decrease  of 
airflow.  Al  neutral  head-neck  posture.  42.8  ± 
7.5%  SEM  of  breaths  had  airflow  interruption 
(71.4%  mild.  19.9%  moderate.  8.7%  severe). 
There  was  no  significant  change  with  15°  and 
30°  head-neck  flexion  and  extension. 
However,  at  45°  flexion  the  overall  incidence 
of  airflow  interruption  (77.3  ±  4.8%.  p  <  0.05) 
and  Rr,  (86.6  ±  6.7  vs  64.2  ±  3.9  cm  HiO/L/s. 
mean  ±  SEM:  p  <  0.05)  significantly  increased. 
Extension  to  45'"  caused  severe  airflow  interrup- 
tion and  increased  Ri  in  some  infants,  but  no 
sialisticaliy  significant  change  for  the  whole 
group.  The  incidence  of  severe  airflow  inter- 
ruption significantly  increased  (p  <  0.05)  from 
8.7%  at  neutral  head-neck  posture  to  26.3%  at 
hypcrflcxion  (45°).  No  changes  in  Cl  were  ob- 
served. We  conclude  that  minor  ( 15-30'  1  devi- 


ations from  neutral  neck  posture  are  insignifi- 
cant, whereas  hyperflexion.  and  in  some  in- 
fants, hyperextension.  can  significantly  affect 
airflow  and  pulmonary  mechanics. 

Components  of  the  Work  of  Breathing  and 
Implications  for  Monitoring  Ventilator- 
Dependent  Patients — MJ  Banner,  MJ  Jaeger, 
RR  Kirby.  Crit  Care  Med  1994:22(3):515. 

OBJECTIVES:  (a)  To  discuss  the  components 
of  the  work  of  breathing  using  an  established 
physiologic  model  (Campbell  diagram):  (b)  to 
describe  the  requirements  of  a  monitor  to  mea- 
sure work:  and  (c)  to  discuss  the  implications 
and  relevance  for  assessing  the  work  of  breath- 
ing of  ventilator-dependent  patients.  DATA 
SOURCES:  Relevant  articles  from  the  medical 
and  physiologic  literature  are  referenced,  as 
well  as  the  authors'  experience.  STUDY  SE- 
LECTION: Identified  (by  authors)  laboratory 
and  clinical  research  establishing  the  need  and 
physiologic  importance  for  correctly  measur- 
ing the  work  of  breathing.  DATA  EXTRAC- 
TION: A  physiologic  model  of  the  various 
components  of  the  work  of  breathing  is  used  in 
conjunction  with  data  from  published  litera- 
ture. SYNTHESIS:  Diagrams  of  increasing 
complexity  based  on  the  Campbell  diagram  de- 
pict the  physiologic  elastic  and  resistive  work 
of  breathing  for  the  lungs  and  chest  wall  under 
normal  and  abnormal  conditions.  Decreases  in 
compliance  and  increases  in  airways  resistance 
are  associated  with  increases  in  elastic  and  re- 
sistive work,  respectively,  A  modification  of 
the  Campbell  diagram  to  include  an  additional 
area  depicting  the  imposed  work  of  the  breath- 
ing apparatus  is  suggested  (ie.  the  additional 
resistive  load  imposed  on  the  respiratory  mus- 


cles by  the  endotracheal  tube,  breathing  circuit, 
and  the  ventilator's  demand-flow  system  dur- 
ing spontaneous  breathing).  Increases  in  physi- 
ologic and/or  imposed  work  result  in  respirato- 
ry muscle  loading,  predisposing  to  increases  in 
oxygen  consumption  and  the  development  of 
fatigue  and  hypercapnia.  Measuring  work  of 
breathing  by  integrating  the  area  of  the 
esophageal  pressure-volume  loop  alone  under- 
estimates the  work  of  breathing  relative  to  the 
Campbell  diagram  and.  therefore,  should  not 
be  used.  Because  the  site  of  pressure  measure- 
ment and  mode  of  ventilation  influence  mea- 
surements of  the  work  of  breathing  as  well  as 
compliance,  clinicians  should  be  aware  of 
these  factors  when  interpreting  measurements. 
Monitors  that  are  used  in  clinical  practice  to  as- 
sess the  work  of  breathing  should  be  able  to 
measure  pressure  at  the  airway  opening  (be- 
tween the  Y-piece  of  the  breathing  circuit  and 
the  endotracheal  tube),  at  the  carinal  end  of  the 
endotracheal  tube,  and  in  the  esophagus  (infer- 
ence of  intrapleural  pressure):  as  well  as  mea- 
sure flowrate  and  volume  at  the  airway  open- 
ing; and  calculate  the  various  components  of 
the  work  of  breathing  based  on  the  Campbell 
diagram.  CONCLUSIONS:  Accurate  measure- 
ment of  physiologic  and  imposed  work  per- 
formed by  the  patient  is  essential  to  assess  the 
afterload  on  the  respiratory  muscles,  diagnose 
specific  work  of  breathing  abnormalities,  and 
monitor  the  effects  of  interventions  to  mitigate 
respiratory  muscle  loading.  Work  of  breathing 
data  are  useful  in  formulating  objective  guide- 
lines for  setting  the  \cntilator  approprialch  lo 
optimize  respiratory  muscle  loads  (eg.  selecting 
an  appropriate  amount  of  pressure  support  venti- 
lation to  decrease  the  work  of  breathing  to  a  spe- 
cific level). 
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ABSTRACTS 


Variations  in  Flows  and  Pressures  during 
Jet  Ventilation  in  the  Infant:  A  Model 

Study— A  Belaguid.  H  Guenard.  Pediatr  Pul- 
monol  1994;  17: 183. 

Ventilatory  flowrates  with  either  He-0:  (he- 
lioxl  or  N2-O:  (nitrox)  mixtures  during  high 
frequency  jet  ventilation  (HFJV)  were  calcu- 
lated using  a  mathematical  model,  and  were 
measured  in  a  physical  monoalveolar  model  of 
the  infant  lung.  A  constant  flow  was  delivered 
to  the  model  (Vj)  drawing  with  it  an  entrained 
flow  (Ve).  When  the  inspiratory  time  (t,)  was 
long,  a  back  flow  (Vr)  was  generated  that  in- 
creased progressively  as  the  alveolar  pressure 
increased.  In  order  to  reduce  V„  the  reflux  time 
{{,).  ie,  the  time  needed  for  the  injected  gas  to 
reflux,  was  measured  (tm,)  and  calculated  (trJ 
with  the  model.  The  t, depends  on  both  chest- 
lung  compliance  and  resistance  to  reflux  as 
well  as  on  the  Vj/Vj  ratio.  For  a  given  setting 
of  the  ventilator,  values  of  tn„  and  trc  were  sig- 
nificantly lower  with  heliox  than  nitrox  (p  < 
0.01 1.  and  the  correlation  between  trm  and  ta 
were  fair  with  both  gases.  Tidal  volume  (Vj) 
was  calculated  when  the  tj  was  interrupted  at  t,. 
The  values  of  Vj  were  significantly  higher 
with  heliox  than  nitrox  (p  <  0.05).  It  is  con- 
cluded that  the  evaluation  of  t,  during  HFJV 
may  provide  useful  information  for  setting  the 
ventilator 

Magnetic  Resonance  Imaging  of  the  Heart 
during  Positive  End-Expiratory  Pressure 
Ventilation  in  Normal  Subjects — C  Leithner. 
A  Podolsky.  S  Globits.  H  Frank.  A  Neuhold.  J 
Pidlich.  et  al.  Crit  Care  Med  1994;22:426. 

OBJECTIVES:  Magnetic  resonance  imaging 
was  used  to  assess  the  effects  of  ventilation 
with  positive  end-expiratory  pressure  (PEEP) 
on  cardiac  volumes,  especially  on  atrial  vol- 
umes as  well  as  to  determine  semiquantitative 
measurements  of  spatial  interactions  between 
heart,  lungs  and  chest.  DESIGN:  Prospective 
study  with  healthy  volunteers  undergoing  me- 
chanical ventilation  with  different  levels  of 
PEEP  during  magnetic  resonance  imaging. 
SETTING:  Magnetic  resonance  unit.  Institute 
of  Diagnostic  Imaging.  Rudolfinerhaus 
Hospital.  SUBJECTS:  12  healthy  volunteers. 
INTERVENTIONS:  Volunteers  were  imaged, 
using  a  multislice-multiphase  technique  during 
spontaneous  breathing  and  with  PEEP  values 
of  0.  7.  and  15  cm  H:0.  MEASUREMENTS  & 
MAIN  RESULTS:  Atrial  as  well  as  ventricular 
volumes,  chest  diameters,  and  midventricular 
contact  between  the  heart  and  anterior  chest 
wall  were  determined  on  transverse-oblique 
sections.  Atrial  volumes  showed  a  progressive 
decline  beginning  at  a  PEEP  of  7  cm  H^O. 
Diastolic  filling  of  both  ventricles  was  re- 
duced. A  PEEP  level  of  15  cm  HiO  induced  a 


significant  increase  in  the  sagittal-oblique  hut 
not  in  the  transverse-oblique  chest  diameter. 
PEEP  values  of  7  and  15  cm  HiO  shortened  the 
length  of  the  midventricular  contact  between  the 
heart  and  anterior  chest  wall.  CONCLUSIONS: 
Left  and  right  ventricular  end-diastolic  volumes 
and  stroke  volumes  decreased  significantly  dur- 
ing ventilation  with  PEEP  at  15  cm  HiO,  as  did 
end-systolic  atrial  volumes.  Volume  changes 
in  association  with  changes  of  chest  and  heart 
configuration  suggest  external  cardiac  com- 
pression by  the  expanding  lungs.  Furthermore, 
this  study  illustrates  the  feasibility  of  magnetic 
resonance  imaging  in  mechanically  ventilated 
patients. 

Continuous  Measurement  of  Energy  Ex- 
penditure in  Ventilated  Burn  Patients:  An 
Analysis — D  Royall.  L  Fairholm.  WJ  Peters. 
KN  Jeejeebhoy.  JP  Allard.  Crit  Care  Med 
1994:22:399. 

OBJECTIVE:  To  predict  the  daily  total  ener- 
gy expenditure  of  ventilated  bum  patients, 
this  study  was  designed  to  determine  the 
contribution  of  different  activities  on  energy 
expenditure  over  a  24-hr  period.  DESIGN: 
Cohort  study.  SETTING:  Bum  unit  of  an  adult 
hospital.  PATIENTS:  20  clinically  stable  bum 
patients  undergoing  mechanical  ventilation 
with  36.7  ±  4.2  total  Vc  bum  surface  area.  IN- 
TERVENTIONS: Patients  were  fed  according 
to  a  previously  validated  equation  which  takes 
into  account  the  Harris-Benedict  equation.  % 
bum  surface  area,  caloric  intake,  body  temper- 
ature, and  the  number  of  postburn  days; 
Toronto  Formula  =  ^.343  +  (10.5  X  %  bum 
surface  area)  -1-  (0.23  X  caloric  intake)  +  (0.84 
X  Harris-Benedict  equation)  -H  (114  X  body 
temperature)  -  (4.5  X  postbum  days).  The  total 
energy  expenditure  of  patients  was  measured 
by  indirect  calorimetry  and  their  acfivity  levels 
were  recorded  over  a  24-hr  period.  RESLILTS; 
The  calculated  Toronto  Fomiula  was  2,191  ± 
83  kcal/day,  and  patients  were  fed  2,276  ±  40 
kcal/day.  The  measured  resting  energy  expen- 
diture was  2.149  ±  102  kcal/day  and  was  simi- 
lar to  the  Toronto  Formula  (NS).  The  total  en- 
ergy expenditure  was  2.492  ±  120  kcal/day. 
Altogether  the  activities  contributed  27.3  ± 
l.S'/f  to  the  total  energy  expenditure  and  did 
not  correlate  with  the  %  bum  surface  area.  The 
activity  factor  calculated  as  [total  energy  ex- 
penditure less  resting  energy  expenditure]  X 
lOO/resting  energy  expenditure  was  16.6  ± 
2.49c  and  calculated  as  [total  energy  expendi- 
ture less  Toronto  Formula|/Toronto  Formula 
was  14.5  ±  4.3%.  CONCLUSIONS:  These  re- 
sults suggest  that  in  clinically  stable,  me- 
chanically ventilated  burn  patients,  the 
Toronto  Formula  accurately  predicts  the 
resting  energy  expenditure  and  that  the 
Toronto  Fomiula  or  the  resting  energy  ex- 


penditure X  1.2  can  be  used  to  estimate  the 
total  daily  energy  requirements. 

Effect  of  Inhaling  Heated  Vapor  on 
Symptoms  of  the  Common   Cold — GJ 

Forstall.  ML  Macknin.  BR  Yen-Lieberman, 
SV  Medendorp.  JAMA  I994;271(  14):1 109. 

OBJECTIVE;  To  test  the  efficacy  of  steam  in- 
halation in  treating  common  cold  symptoms. 
DESIGN:  An  in-vitro  study  determined  the 
temperature  that  inactivated  rhinovirus:  a  tem- 
perature of  43°C  lasting  at  least  1  hour  was 
needed.  We  then  conducted  a  double-blind, 
placebo-controlled,  randomized  in-vivo  study. 
SETTING:  The  virology  laboratory  and  the 
outpatient  department  of  the  Cleveland  (Ohio) 
Clinic  Foundation.  PATIENTS:  68  Cleveland 
Clinic  employee  volunteers  with  symptoms  of 
the  common  cold  at  the  time  of  enrollment.  IN- 
TERVENTION; A  single  60-minute  treatment 
was  given  to  the  volunteers.  The  steam  treat- 
ment group  (n  =  32)  received  40  L/min  of  heat- 
ed saturated  air  that  raised  the  intranasal  tem- 
perature to  43'C.  The  placebo  group  (n  =  36) 
received  2  L/min  of  ambient  air  at  20°C  to 
24''C.  MAIN  OUTCOME  MEASURES: 
Subjective  symptom  scores  for  nasal  conges- 
tion, nasal  drainage,  and  sneezing  and  objec- 
tive measures  of  nasal  resistance  were  studied 
during  a  7-day  follow-up  observation  period. 
RESULTS:  There  were  no  significant  differ- 
ences in  daily  symptom  scores  between  the 
groups  (p  =  0.59  to  0.83).  The  only  statistically 
significant  differences  between  the  groups 
were  lower  nasal  resistances  at  baseline  in  the 
steam  group  (p  =  0.04)  and  percent  improve- 
ment in  nasal  resistance  favoring  the  placebo 
group  on  Day  7  (p  =  0.01 ).  However,  these  dif- 
ferences were  of  questionable  clinical  signifi- 
cance. CONCLUSION:  We  conclude  that 
steam  inhalation  treatment  had  no  beneficial 
effect  on  the  cold  symptoms  of  our  volunteers. 

Effect  of  Inhalation  of  Hot  Humidified  Air 
on  Experimental  Rhinovirus  Infection — JO 

Hendley.  RD  Abbott.  PP  Beasley.  JM  Gwalt- 
neyJr.  JAMA  I994;271(14);l  112. 

OBJECTIVE:  Nasal  inhalation  of  steam  has 
been  proposed  as  treatment  of  viral  colds  on 
the  assumption  that  increased  intranasal  tem- 
perature will  inhibit  replication  of  rhinoviras 
(RV).  The  effect  of  steam  inhalation  on  RV 
shedding  by  infected  volunteers  was  examined 
in  this  study.  DESIGN:  Randomized  con- 
trolled trial.  Volunteers  experimentally  infect- 
ed with  RV  were  treated  with  machine-gener- 
ated humidified  air,  which  was  either  hot  (ac- 
tive) or  at  room  temperature  (placebo).  Viral 
shedding  was  assessed  over  the  4  days  follow- 
ing treatment.  SETTING;  Local  hotel.  PAR- 
TICIPANTS: 20  volunteers  from  the  universi- 
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ty  community  who  were  susceptible  to  the 
challenge  virus.  INTERVENTION:  Two  30- 
minute  intranasal  treatments,  the  first  at  24 
hours  after  inoculation  and  the  second  at  48 
hours.  The  temperature  of  active  vapor  was 
42°C  to  44°C  and  of  placebo  vapor  was  22°C. 
MAIN  OUTCOME  MEASURES:  Viral  titers 
in  nasal  washings  on  each  of  5  days  following 
inoculation.  RESULTS:  Mean  viral  titers  prior 
to  the  first  treatment  were  10"  tissue  culture 
infectious  dosesjo  per  milliliter  in  the  active 
group  and  10'^  in  the  placebo  group.  Mean 
titers  for  the  next  4  days  were  10",  10' ',  10'  -, 
and  lO^'/mL  in  the  active  group  and  10'*. 
10".  10",  and  IC'/mL  in  the  placebo  group 
(no  significant  difference).  The  proportion  of 
volunteers  who  shed  virus  on  each  day  was 
also  similar  in  the  two  groups.  CONCLU- 
SION: Two  nasal  inhalation  treatments  with 
steam  had  no  effect  on  viral  shedding  in  volun- 
teers with  experimental  RV  colds. 

Understanding  and  Using  the  Medical 
Subject  Headings  (MeSH)  Vocabulary  To 
Perform  Literature  Searches — HJ  Lowe, 
GO  Bamett.  JAMA  1994;271(14):1 103. 

The  United  Slates  National  Library  of 
Medicine's  (NLM)  MEDLINE  database  is  the 
largest  and  most  widely  used  medical  biblio- 
graphic database.  MEDLINE  is  manually  in- 
dexed with  NLM's  Medical  Subject  Headings 
(MeSH)  vocabulary.  Using  MeSH,  a  searcher 
can  potentially  create  powerful  and  unambigu- 
ous MEDLINE  queries.  This  article  reviews 
the  structure  and  use  of  MeSH,  directed  toward 
the  nonexpert,  and  outlines  how  MeSH  may 
help  resolve  a  number  of  common  difficulties 
encountered  when  searching  MEDLINE.  The 
increasing  importance  of  the  MEDLINE 
database  as  an  information  resource  and  the 
trend  toward  individuals  performing  their  own 
bibliographic  searches  makes  it  crucial  that 
health-care  professionals  become  familiar  with 
MeSH. 

Feasibility  of  Continuous  Oxygen  Delivery 
and  Cardiac  Output  Measurement  by  Ap- 
plication of  the  Fick  Principle — PJ  Feustel, 
RJ  Perkins,  JE  Oppenlander,  HH  Stratton,  IL 
Cohen.  Am  J  Respir  Crit  Care  Med  1994; 
149:751. 

Continuous  mixed  venous  oxygen  saturation 
(SvO;)  measurements  from  fiberoptic  pul- 
monary artery  catheters,  arterial  oxygen  satura- 
tion (SaO:)  measurements  from  pulse  oximetry, 
and  minute-by-minute  oxygen  consumption 
(Vqi)  measurements  from  indirect  calorimetry 
can  be  used  for  near-continuous  estimation  of 
cardiac  output  (Qt)  and  oxygen  delivery  (Do:) 
by  application  of  the  Fick  Principle. 
Assumptions  required  for  calculation  of  blood 


oxygen  contents  include  constant  hemoglobin 
concentration  (Hgb)  and  constant  or  negligible 
physically  dissolved  oxygen.  First,  the  influ- 
ence of  these  assumptions  on  continuous  Q, 
and  Do;  determinations  was  tested. 
Unmeasured  changes  in  Hgb  resulted  in  sub- 
stantial error  in  calculated  Q,,  whereas  calcu- 
lated Do,  was  minimally  affected.  Both  (Q,and 
D02  were  little  altered  by  errors  in  PaO:  or  P»o;. 
Second,  the  effects  of  SvOi-  SaO:.  and  Vq,  mea- 
surement errors  on  Q,  and  Dq;  calculations 
under  normal  and  extreme  conditions  were 
quantified.  Relative  errors  in  Sv02  w^rc  in- 
creased by  a  factor  of  4.2  in  Q,  estimations  and 
by  a  factor  of  3.2  in  Do;  measurements  under 
normal  conditions.  These  factors  increased 
with  increasing  S^o:-  and,  thus,  Q,  and  Dq:  be- 
came increasingly  unreliable  as  oxygen  extrac- 
tion fell.  Third,  we  compared  continuous  mea- 
surements of  Qiand  D02  w''h  intermittent  mea- 
surements made  by  thermodilution  cardiac  out- 
put and  blood  sampling,  and  found  correlation 
coefficients  of  0.85  for  Q,  and  0.89  for  Dq,. 
Fourth,  common  measurement  errors  in  Vq; 
and  D02  calculated  in  this  way  were  found  to 
bias  regressions  between  V02  and  Do2,  and  this 
bias  could  be  minimized  only  if  the  D02  range 
were  high  and  Sv02  wei'e  'ow-  With  attention 
paid  to  these  problems,  continuously  measured 
Q,  and  Do-  may  be  usefully  applied  for  the  as- 
sessment of  Do2-dependent  V02  within  a  single 
patient. 

Gender  Differences  in  Sleep  Disordered 
Breathing  in  a  Community-Based  Sample — 

S  Redlme.  K  Kump,  PV  Tishler,  I  Browner,  V 
Ferrette.  Am  J  Respir  Crit  Care  Med  1994; 
149:722. 

Gender  differences  in  the  relative  frequency  of 
sleep-disordered  breathing  (SDB)  have  been 
observed  in  surveys  of  patient  groups  referred 
for  clinical  evaluation  compared  with  popula- 
tion surveys.  In  this  study,  we  assessed  the  as- 
sociations of  gender,  SDB.  and  symptoms  of 
SDB  in  389  participants  (16  to  84  yr  of  age)  in 
an  ongoing  genetic-epidemiologic  study  of 
sleep  apnea.  Subjects  included  index  probands 
with  laboratory-confirmed  obstructive  sleep 
apnea  syndrome  (laboratory  sample,  n  =  36) 
and  their  family  members  and  neighbors  (the 
community  sample).  SDB  was  assessed  with 
overnight  in-home  monitoring  of  airflow, 
oximetry,  heart  rate,  and  chest  wall  impedance, 
and  symptoms  were  assessed  with  standard- 
ized questionnaires.  In  the  entire  sample,  SDB, 
defined  as  a  respiratory  disturbance  index 
[RDI]  >  15,  was  more  prevalent  among  males 
(38%)  than  among  females  (15%)  (p  <  0.05). 
Males  predominated  by  a  ratio  of  8:1  in  the 
laboratory  sample  (31  males,  5  females).  In 
contrast,  the  proportion  of  males  to  females 
with  SDB  was  only  2: 1  in  the  community  sam- 


ple, in  which  an  RDI  >  15  was  observed  among 
26%  of  males  and  13%-  of  females.  In  the  labo- 
ratory sample,  females  tended  to  be  younger 
and  were  significantly  heavier  than  males. 
However,  in  the  community  sample,  females 
with  SDB  were  older  than  male  apneic  subjects 
(63.4  ±  13.9  vs  47.2  ±  15.6  years,  mean  ±  SD; 
p  <  0.01),  and  included  a  majority  of  post- 
menopausal women  (75%).  No  differences  in 
body  mass  index  were  noted  between  males 
and  females  with  SDB  recruited  from  the  com- 
munity. Compared  with  males,  females  consis- 
tently underreported  symptoms  of  snoring, 
snorting,  gasping,  and  apnea.  After  adjusting 
for  RDI,  women  were  2  to  3  times  less  likely 
than  males  to  report  these  symptoms.  We  con- 
clude that  SDB  is  common  in  older  females, 
and  occurs  frequently  in  the  absence  of  morbid 
obesity.  SDB  may  be  recognized  less  frequent- 
ly clinically  in  females,  in  part  because  of  un- 
derreporting of  symptoms  of  disturbed  breath- 
ing during  sleep. 

Ventilatory  Responses  during  Wakefulness 
in  Children  with  Obstructive  Sleep  Apnea — 

CL  Marcus,  D  Gozal,  R  Arens.  DJ  Basinski, 
KJ  Omiin,  TG  Keens.  SLD  Ward.  Am  J  Respir 
Crit  Care  Med  1994;I49:715. 

The  pathophysiology  of  the  obstructive  sleep 
apnea  syndrome  (OSAS)  is  not  fully  under- 
stood. In  children,  airway  obstruction  sec- 
ondary to  tonsilloadenoidal  hypertrophy  is  the 
leading  cause  of  OSAS.  However,  not  all  chil- 
dren with  tonsilloadenoidal  hypertrophy  devel- 
op OSAS.  Thus,  other  factors,  including  abnor- 
malities in  ventilatory  control,  may  contribute 
to  the  etiology  of  OSAS.  To  test  this,  we  per- 
formed polysomnography  and  hypercapnic  and 
hypoxic  ventilatory  response  testing  in  20  chil- 
dren and  adolescents  with  OSAS  (mean  age,  8 
±  3  [SD]  yr)  and  19  control  subjects.  Only  two 
children  with  OSAS  were  obese.  Children  with 
OSAS  had  an  apnea  index  of  16  ±  20,  peak 
PetC02  of  54  ±  5  mm  Hg,  and  8^02  nadir  of  84  ± 
13%  during  polysomnography.  Ventilatory  re- 
sponses were  performed  by  rebreathing  tech- 
niques. The  slope  of  the  hypercapnic  ventilato- 
ry responses,  corrected  for  body  surface  area, 
was  1.74  ±  0.79  L/min/m-/mm  Hg  Peico2  in 
children  with  OSAS  and  1.45  ±  0.58 
L/min/m7mm  Hg  Peico2  in  control  subjects 
(NS).  Hypoxic  ventilatory  responses,  corrected 
for  body  surface  area,  were  -0.94  ±  0.49 
L/min/m-/%  Sa02  in  children  with  OSAS  and 
-0.95  ±  0.45  L/min/m-7%  Sa02  in  control  sub- 
jects (NS);  however,  the  sample  size  was 
small.  There  was  a  weak  inverse  correlation 
between  the  slope  of  the  hypercapnic  ventilato- 
ry response  and  the  duration  of  hypoventilation 
during  polysomnography  (r  =  -0.44,  p  <  0.05 ). 
We  conclude  that  children  with  OSAS  have 
normal  ventilatory  responses  to  hypercapnia, 
and  they  may  have  normal  ventilatory  respons- 
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es  to  hypoxia.  We  speculate  that  abnormal  cen- 
tral ventilatory  drive  plays  little  if  any  role  in 
the  pathogenesis  of  pediatric  OSAS. 
Furthermore,  we  speculate  that  the  diminished 
ventilatory  responses  seen  in  adults  with 
OSAS  are  acquired  secondary  to  chronic  hy- 
poxemia and  hypercapnia. 

A  Cohort  Analysis  of  Excess  Mortality  in 
Asthma  and  the  Use  of  Inhaled  /3-Agon- 
ists — S  Suissa,  P  Ernst.  J-F  Boivin,  Rl  Hor- 
witz,  B  Habbick.  D  Cockroft,  et  al.  Am  J 
Respir  Crit  Care  Med  1994:149:604. 

The  association  between  the  use  of  inhaled  fi- 
agonists  and  the  risk  of  death  and  near-death 
from  asthma  has  previously  been  reported.  It 
was  based  on  a  nested  case-control  study  of 
129  cases  and  655  control  subjects  selected 
from  a  cohort  of  12,301  users  of  asthma  drugs 
followed  during  the  period  1980  through  1987. 
In  this  paper  we  examine  the  question  of  asth- 
ma and  non-asthma  mortality  using  data  from 
the  entire  cohort  of  12,301  asthmatics.  There 
were  46  asthma  and  134  non-asthma  deaths  in 
this  cohort,  for  which  there  were  47.842  per- 
son-years of  follow-up.  The  overall  rate  of 
asthma  death  was  9.6  per  10,000  asthmatics 
per  year.  This  rate  varied  significantly  accord- 
ing to  the  use  of  fenoterol,  albuterol,  or  oral 
corticosteroids  in  the  prior  12  months  and  the 
number  of  asthma  hospitalizations  in  the  prior 
2  years.  The  rate  decreased  significantly,  by 
0.6  asthma  deaths  per  10,000  asthmatics  per 
year  over  the  study  period,  after  controlling  for 
the  effect  of  the  four  other  risk  factors.  It  also 
increased  significantly  with  the  use  of  all  /3-ag- 
onists.  and  more  so  for  fenoterol  than  for  al- 
buterol, although  this  difference  was  partly  ex- 
plained by  the  dose  inequivalence  of  the  two 
drugs.  Change-point  dose-response  curves 
showed  that  the  risk  of  asthma  death  began  to 
escalate  drastically  at  about  1.4  canisters  (of 
20,000  ng  each)  per  month  of  inhaled  /3-ago- 
nist,  the  recommended  limit.  For  non-asthma 
death,  the  overall  rate  of  28  deaths  per  10.000 
asthmatics  per  year  was  not  related  to  the  use 
of  inhaled  /3-agonists.  We  conclude  that  the 
strong  association  between  the  use  of  inhaled 
^-agonists  and  asthma  mortality  is  confined 
primarily  to  the  use  of  these  drugs  in  excess  of 
recommended  limits.  Non-asthma  mortality, 
including  that  from  cardiovascular  causes,  is 
not  associated  with  Ihc  use  of  inhaled  ^-ago- 
nists. 

Longitudinal  Analysis  of  the  Kffccts  of 
Smiiking  Onset  and  Cessation  on  Pul- 
monary Function — DL  Sherrill.  CJ  Holbcrg, 
PL  linright,  MD  Lebowitz,  B  Burrows.  Am  J 
Respir  Crit  Care  Med  1 994;  1 49:59 1 . 

We  examined  the  effects  of  smoking  unsci  and 
cessation  on  l-'FVi   in  participants  in  the 


Tucson  Epidemiological  Study  of  Airways 
Obstructive  Disease  18  yr  of  age  or  older  who 
reported  a  change  in  smoking  habits  during  17 
yr  of  follow-up.  Subjects  were  classified  as 
"new  quitters"  (n  =  288)  and  "new  starters"  (n 
=  45)  at  each  survey  on  the  basis  of  question- 
naire responses  concerning  current  smoking 
habits.  The  pulmonary  function  data  were  ana- 
lyzed using  a  mixed  longitudinal  or  random  ef- 
fects model  (REM).  We  compared  FEVi  be- 
fore and  after  changing  smoking  habits  in  the 
same  subjects  while  adjusting  for  important 
covariables  such  as  height,  pack-years,  and 
respiratory  symptoms  and  diseases.  The  results 
for  smoking  cessation  showed  a  beneficial  ef- 
fect related  to  quitting  that  was  largest  for 
younger  subjects  and  decreased  linearly  with 
age.  For  women,  quitting  resulted  in  an  im- 
provement in  FEV]  of  4.3%  at  20  yr  of  age 
which  decreased  to  2.5%  by  80  yr  of  age.  Men 
had  an  improvement  of  only  1.2%  at  20  yr  of 
age  and  no  improvement  at  80  yr  of  age.  After 
excluding  .subjects  with  low  initial  function 
(FEV]/FVC  in  the  lowest  quartile)  and  those 
with  only  a  single  observation  after  quitting, 
men  (n  =  70)  showed  a  significantly  higher 
FEV  I  improvement  of  4%  at  20  yr  of  age  that 
decreased  linearly  to  zero  by  age  80  yr.  In  con- 
trast, women  in  this  subgroup  (n  =  89)  had 
nearly  the  same  degree  of  improvement  at  all 
ages.  The  onset  results  showed  mean  FEV| 
values  after  starting  smoking  that  were  higher 
at  the  younger  ages  (<  23  yr)  and  that  de- 
creased more  rapidly  with  age,  compared  with 
nonsmoking  mean  estimates,  in  both  sexes. 

Effect  of  Continuous  Positive  Airway 
Pressure  Treatment  on  Daytime  Function  in 
Sleep  Apnoea/Hypopnoca  Syndrome — HM 

Engleman.  SE  Martin.  IJ  Deary.  NJ  Douglas. 
Lancet  1994:343:572. 

Continuous  positive  airway  pressure  (CPAP)  is 
the  treatment  of  choice  for  the  sleep  apnoea/ 
hypopnoea  syndrome  (SAHS):  it  is  usually 
given  with  the  aim  of  improving  daytime  cog- 
nitive function,  mood,  and  sleepiness. 
However,  its  efficacy  has  not  been  validated  by 
controlled  trials.  We  have  carried  out  a  ran- 
domised, placebo-controlled,  crossover  study 
of  objective  dayUine  sleepiness,  symptoms, 
cognitive  function,  and  mood  in  a  consecutive 
series  of  32  SAHS  patients  with  a  median  ap- 
noea plus  hypopnoea  frequency  of  28  (range  7- 
1 29)  per  hour  slept.  Patients  were  treated  with  4 
weeks  each  of  CPAP  and  an  oral  placebo, 
which  they  were  told  Eiiight  improve  upper  air- 
way muscle  function  during  sleep.  Assessments 
on  the  last  day  of  each  treatment  included  a 
multiple  sleep  latency  test  and  tests  of  symp- 
l(im  scores,  mood  profiles,  and  cognitive  per- 
formance. The  patients  had  significantly  less 
daytime  sleepmcss  on  CPAP  than  during  the 


placebo  period  (mean  sleep  latency  7.2  [SE 
0.7]  vs  6.1  [0.7]  min.  p  =  0.03).  There  were 
also  improvements  with  CPAP  in  symptom 
ratings  (2.1  [0.2]  vs  4.3  10.3).  p  <  0.001 ).  mood 
(p  <  0.05  for  several  measures),  and  cognitive 
performance,  which  showed  improved  vigi- 
lance (obstacles  hit  in  Steer  Clear  "driving" 
test  76  [5]  vs  81  [6],  p  <  0.01 ).  mental  flexibili- 
ty (trailmaking  B  time  66  [5]  vs  75  [5]  seconds, 
p  <  0.05),  and  attention  (p  <  0.05).  Objectively 
monitored  CPAP  use  averaged  only  3.4  (0.4) 
hours  per  night,  but  this  study  provides  evi- 
dence of  improved  cognitive  performance  even 
at  this  low  level  of  CPAP  compliance. 

Postdischarge  Survival  and  Functional  Stat- 
us following  In-Hospital  Cardiopulmonary 
Resuscitlation — GR  Robinson,  D  Hess.  Chest 

1994:105(4):991. 

Outcome  from  cardiopulmonary  resuscitation 
(CPR)  at  community  hospitals  is  seldom  re- 
ported in  the  literature.  Data  regarding  long- 
term  functional  status  of  CPR  survivors  are 
virtually  nonexistent.  We  retrospectively  re- 
viewed the  medical  records  of  all  patients  re- 
ceiving CPR  during  1989  at  a  community 
teaching  hospital  to  determine  survival  to  hos- 
pital discharge  from  CPR.  Long-term  function- 
al status  was  determined  by  contacting  primary 
care  physicians  in  January  1992.  We  found  24 
of  83  (29%  percent)  patients  survived  in-hospi- 
tal  CPR  and  were  discharged.  Follow-up  of 
these  24  patients  showed  13  (54%)  were  alive 
a  mean  of  31  months  postdischarge  with  10  of 
the  13  (77%)  reported  to  be  living  indepen- 
dently. We  believe  survival  from  CPR  at  com- 
munity teaching  hospitals  is  comparable  to 
university  hospitals.  Additionally,  patients 
who  survive  in-hospital  CPR  to  hospital  dis- 
charge have  a  54%  chance  of  being  alive  a 
mean  of  31  months  postdischarge  with  most 
being  able  to  live  independently.  Further  work 
is  needed  to  validate  these  long-term  function- 
al status  results. 

A  1-Wcek  Dose-Ranging  Study  of  Inhaled 
Salmeterol  in  Patients  with  Asthma — EA 

Bronsky,  JP  Kemp.  HA  Orgcl.  CW  Bicrman. 
DO  Tinkelman,  A  van  As,  RF  Liddle.  Chest 
I994:l().5(4):1032. 

STUDY  OBJECTIVE:  A  dose-ranging  study 
was  conducted  to  evaluate  the  efficacy  and 
safety  of  a  new  long-acting,  selective  ^i- 
adrenoceptor  agonist,  salmeterol.  DESIGN: 
Adolescents  and  adults  (n  =  160)  with  mild-to- 
moderate  asthma  received  salmeterol  (10.5, 
21.42,  or  84  /ig)  or  placebo  by  metered-dose 
inhaler  twice  daily  for  I  week.  Twelve-hour 
serial  spirometry  measurements  were  per- 
formed on  the  first  and  last  days  of  treatment, 
and  patients  rccordcil  their  peak  expiratory 
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flow  (PEF)  twice  daily  on  diary  cards.  RE- 
SULTS: On  Day  I,  salmelerol  produced 
greater  bronchodilation  than  placebo  (p  = 
0.001).  and  both  the  42-/jg  and  84-/jg  doses  of 
salmelerol  were  significantly  more  effective  in 
improving  FEVi  responses  than  the  two  lower 
doses  of  salmeterol  (p  <  0.05).  After  1  week  of 
treatment,  all  but  the  21-^g  do.se  of  salmeterol 
remained  statistically  superior  to  placebo  (p  < 
0.01 ).  but  significant  differences  between  sal- 
meterol doses  were  no  longer  evident,  despite 
an  apparent  dose-response  effect.  Only  the  42- 
^g  and  84-pg  doses  of  salmeterol  sustained 
bronchodilation  for  12  hours  in  the  majority  of 
patients  at  both  treatment  days.  The  degree  of 
improvement  in  morning  and  evening  PEF  was 
also  found  to  be  dose  related.  There  was  no 
significant  difference  among  treatment  groups 
in  the  overall  incidence  of  adverse  events; 
however,  pharmacologically  predictable 
events  (eg,  tremor)  occurred  significantly  more 
often  with  salmeterol,  84  ^^g.  CONCLU- 
SIONS: Salmeterol,  42  //g,  was  similar  in  effi- 
cacy to  84  fjg  but  was  associated  with  a  lower 
incidence  of  adverse  events.  Salmeterol,  42  fjg 
twice  daily,  is  a  safe  and  effective  dosage  for 
patients  with  mild-to-moderate  asthma  who  are 
persistently  symptomatic  and  require  mainte- 
nance bronchodilator  therapy. 

Respiratory  Muscle  Rest  Using  Nasal 
BiPAP  Ventilation  in  Patients  with  Stable 
Severe  COPD— JP  Renslon,  AF  DiMarco.  GS 
Supinski.  Chest  1994:105(4):  105.^. 

To  more  systematically  evaluate  the  effect  of 
respiratory  muscle  rest  on  indices  of  ventilato- 
ry function,  nine  outpatients  with  stable,  severe 
COPD  were  treated  with  nasal  pressure-sup- 
port ventilation  delivered  via  a  nasal  ventilato- 
ry support  system  (BiPAP,  Respironics  Inc) 
for  2  h  a  day  for  5  consecutive  days.  An  addi- 
tional eight  control  patients  were  treated  with 
sham-BiPAP.  Maximum  inspiratory  pressure 
(MIP),  maximum  expiratory  pressure  (MEP), 
maximum  voluntary  ventilation  (MVV),  arteri- 
al blood  gas  values,  Borg  dyspnea  score,  dysp- 
nea-a.s.sociated  functional  impairment  scales, 
and  distance  walked  in  6  min  were  measured  in 
subjects  prior  to  and  following  the  week-long 
trial.  Nasal  BiPAP  produced  a  66..^  ±  6  percent 
reduction  in  peak  integrated  diaphragmatic 
eleclroinyographic  (EMC)  activity.  There 
were  no  statistically  significant  changes  in 
MIP,  MEP,  MVV,  arterial  pH,  P,,co;,  or  P.0;0r 
in  objective  measures  of  functional  impairment 
from  dyspnea  in  either  group  after  ventilator  or 
sham  treatment.  However,  nasal  BiPAP  re- 
duced the  Borg  category  score  during  resting, 
spontaneous  breathing  from  2.0  ±  0.4  to  0.7  + 
0..1  (p  <  0.01 )  alter  5  days  of  trcalmenl.  In  con- 
trast, sham  BiPAP-trealcd  patients  had  no 
change  in  their  dyspnea  score,  which  was  1 .8  ± 


0.4  and  1.3  ±  0.4  before  and  after  sham  treat- 
ment, respectively.  Nasal  BiPAP  also  in- 
creased distance  walked  in  6  min  from  780  ± 
155  to  888  ±151  ft  (p  <  0.01 )  (23,400  +  4,650 
to  26,640  ±  4.530  cm)  (p  <  0.01),  whereas 
sham-BiPAP  had  no  effect  (768  ±  96  and  762 
±  106  ft  [23,040  ±  2,880  and  22,860  ±  3,180 
cm]  before  and  after  sham  treatment,  respec- 
tively). In  conclusion,  these  results  indicate 
that  nasal  pressure-support  ventilation,  deliv- 
ered via  nasal  BiPAP,  improves  exercise  ca- 
pacity and  reduces  dyspnea  over  the  short  term 
in  selected  outpatients  with  stable  severe 
COPD.  Whether  such  short-term  improvement 
can  be  sustained  merits  further  study. 

Effect  of  Low  Flow  and  Higli  Flow  Oxygen 
Delivery  on  Exercise  Tolerance  and  Sen- 
sation of  Dyspnea:  A  Study  Comparing  the 
Transtracheal  Catheter  and  Nasal  Prongs — 

NA  Dewan.  CW  Bell.  Chest  1994:105(4): 
1061. 

We  hypothesized  that  high  flow  transtracheal 
oxygen  (HFTTO)  will  improve  exercise  toler- 
ance as  compared  with  low  flow  transtracheal 
oxygen  (LFTTO)  and  that  transtracheal  oxy- 
gen (TTO)  will  increase  exercise  tolerance 
with  less  dyspnea  as  compared  with  nasal 
prongs  (NP)  at  equivalent  oxygen  saturation 
(SaO;).  PATIENT  SELECTION:  10  subjects,  6 
male  and  4  female,  who  were  already  receiving 
TTO  were  recruited  for  the  study.  STUDY 
DESIGN:  Each  subject  underwent  a  total  of 
four  modified  progressive  treadmill  tests  in  a 
single-blind  randomized  fashion  on  two  sepa- 
rate days.  Two  tests  were  performed  with  the 
patients  receiving  LFTTO  and  HFTTO  while 
the  other  two  were  performed  with  low-  and 
high-flow  oxygen  by  NP.  The  fiows  were  ad- 
justed to  provide  equivalent  oxygen  saturations 
at  rest  for  respective  groups.  RESULTS:  The 
mean  ±  SD  exercise  distance  with  HFTTO 
(1,134  ±  631  ft)  was  2.5  times  greater  than 
with  LFTTO  (446  ±  328  ft;  p  <  0.006);  and 
high-fiow  NP  (HFNP  [1207  ±  763  ft|)  was 
2.38  times  greater  than  with  low-How  NP 
(LFNP  [492  ±  487  ft;  p  <  0.005]).  There  was 
no  significant  difference  in  exercise  distance 
and  dyspnea  scores  with  HFTTO  as  compared 
with  HFNP  and  LFTTO  versus  LFNP.  CON- 
CLUSION: We  conclude  that  the  use  of  high- 
fiow  oxygen  via  both  transtracheal  catheter 
and  NP  significantly  increased  exerci.se  toler- 
ance in  our  COPD  patients  when  compared  to 
low-fiow  oxygen.  Transtracheal  oxygen  did 
not  increase  maximum  exercise  tolerance  with 
less  dyspnea  as  compared  with  oxygen  via  NP 
at  equivalent  S^q;. 

Significance  of  Iatrogenic  Pneumotho- 

races-  JA  Dcspars,  CSH  Sassoon,  RW  Light. 
Chest  1994:105(4):  1147. 


The  purpose  of  this  study  was  to  review  the 
cases  of  iatrogenic  pneumothorax  that  oc- 
curred between  October  1983  and  December 
1988  at  the  Veterans  Administration  Medical 
Center.  Long  Beach.  California,  to  detennine 
the  treatment  and  complications.  During  this 
time  period,  106  patients  were  identified  with 
iatrogenic  pneumothorax,  and  the  charts  of  98 
were  available  for  review.  There  were  90  cases 
of  spontaneous  pneumothorax  at  this  institu- 
tion during  the  same  time  period.  The  most 
common  cause  of  iatrogenic  pneumothorax 
was  transthoracic  needle  aspiration  (35),  fol- 
lowed by  thoracentesis  (30),  subclavian 
venipuncture  (23).  and  positive  pressure  venti- 
lation (7).  In  11  cases,  the  cause  was  due  to 
miscellaneous  triggers.  The  majority  of  the  pa- 
tients (65  of  98)  were  treated  with  chest  tubes. 
The  chest  tubes  were  in  place  4.7  ±  3.9  days. 
Nine  of  the  patients  required  a  second  chest 
tube.  Aspiration  of  the  pneumothorax  only  was 
attempted  in  5  patients,  and  all  patients  subse- 
quently received  a  chest  tube.  Two  patients 
died  from  iatrogenic  pneumothorax.  One  pa- 
tient receiving  positive  pressure  ventilation  de- 
veloped an  unrecognized  tension  pneumotho- 
rax. The  other  patient  developed  a  pneumotho- 
rax after  thoracentesis  and  was  treated  with  a 
chest  tube,  which  led  to  a  staphylococcal 
empyema  and  death.  From  this  study,  we  con- 
clude that  the  incidence  of  iatrogenic  pneu- 
mothorax exceeds  that  of  spontaneous  pneu- 
mothorax and  that  there  is  substantial  morbidi- 
ty and  some  mortality  from  iatrogenic  pneu- 
mothorax. 

Anxiety  and  Depression  in  Relation  to  Res- 
piratory Symptoms  and  Asthma — C  Janson, 
E  Bjornsson,  J  Hetta,  G  Boman.  Am  J  Respir 
Crit  Care  Med  1994:149:930. 

The  aim  of  this  investigation  was  to  study  the 
relationship  between  psychologic  status  and 
respiratory  health.  The  study  comprised  715 
persons  aged  22  to  44  who  participated  in  the 
European  Commission  Respiratory  Health 
Survey.  The  study  included  a  structured  inter- 
view, spirometry,  melhacholine  challenge, 
peak  flow  diary,  skin  prick  lest,  and  measure- 
ment of  eosinophil  activity  in  peripheral  blood. 
The  psychologic  status  was  assessed  by  means 
of  the  hospital  anxiety  and  depression  (HAD) 
scale  questionnaire.  A  significant  correlation 
was  found  between  anxiety  and  depression  and 
the  report  of  asthma-related  symptoms,  such  as 
attacks  of  breathlessness  after  activity  and 
waking  with  attacks  of  breathlessness  (p  < 
0.0 1 ).  However,  there  was  no  significant  corre- 
lation between  anxiety  or  depression  and  a 
self-reported  diagnosis  of  asthma  or  objective 
aslhma-rclaled  variables,  such  as  peak  flow 
vanabilily  or  response  in  melhacholine.  When 
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evaluating  the  combined  influence  of  psycho- 
logic factors  and  objective  variables,  HAD 
score  correlated  independently  with  reported 
wheezing  (p  <  0.051.  waking  with  attacks  of 
breathlessness  (p  <  0.01),  waking  with  chest 
tightness,  attacks  of  breathlessness  when  at 
rest,  and  attacks  of  breathlessness  after  activity 
(p  <  0.001 ).  We  conclude  that  there  is  an  asso- 
ciation between  reported  respiratory  symptoms 
and  psychologic  status.  However,  there  was  no 
evidence  that  patients  with  diagnosed 
bronchial  asthma  had  more  anxiety  and  depres- 
sion than  those  without  asthma.  This  result  in- 
dicates that  it  may  be  valuable  to  include  psy- 
chologic status  indicators  in  respiratory  symp- 
tom questionnaires. 

Development  of  a  Patient-Dedicated,  On- 
Demand,  Blood  Gas  Monitor — CK  Mahutte, 
M  Holody,  TP  Maxwell,  PA  Chen,  SA  Sasse. 
Am  J  Respir  Crit  Care  Med  1994:149:852. 

A  new  monitor  (CDI®  2000)  that  brings  blood 
gas  measurements  to  the  patient's  bedside  has 
been  developed.  To  measure  blood  gases, 
blood  is  drawn  into  the  patient's  arterial  pres- 
sure-monitoring line  past  in-line  fluorescent- 
based  sensors.  After  measurement,  the  blood  is 
returned  to  the  patient,  avoiding  blood  loss  and 
delays  in  sample  turnaround  and  reducing  the 
risk  of  infection  to  both  patient  and  operator. 
We  assessed  this  system's  performance  in  vitro 
with  tonometered  bovine  blood.  Bias  (mean 
difference  between  monitor  and  tonometered 
gas  or  measured  pH  values)  ±  the  standard  de- 
viation (SD)  were  0.01  ±  0.02  at  pH  =  7.39;  0.0 
±  0.7  mm  Hg  at  Pco,  =  39  mm  Hg;  and  2.4  ± 
3.2  mm  Hg  at  a  Pq,  =  100  mm  Hg  (n  =  54). 
Changes  in  hematocrit,  blood  temperature,  or 
serum  sodium  concentration  did  not  have  clini- 
cally significant  effects  on  system  perfor- 
mance. Studies  in  normal  volunteers,  in  whom 
large  changes  in  blood  gases  were  induced, 
showed  a  bias  (mean  difference  between  moni- 
tor and  IL  1306  values)  ±  SD  of  0.00  ±  0.02  for 
pH,  -0.4  ±  2.0  mm  Hg  for  Pco;.  and  -3.6  ±  7.7 
mm  Hg  for  Po-  (n  =  69).  We  conclude  from  the 
present  study  that  the  performance  of  this  sy.s- 
tcm  is  comparable  to  that  of  conventional 
blood  gas  analyzers. 

Alveolar-Arterial  Oxygen  Gradients  before 
Extracorporeal  Life  Support  for  .Severe 
Pediatric  Respiratory  Failure:  Improved 
Outcome  for  Kxtracorporeai  IJfe  Support- 
Manased  Patients'.'  -fW  Moler,  JM 
Palmisano.  JK  Cuslcr,  JN  Meliones,  RH 
Bartlcd.  Crit  Care  Med  I994;22(4):62(). 

()B.li;('riVi;:  Recent  reports  have  described 
the  usefulness  of  the  alveolar-arterial  oxygen 
tension  difference  (P|,\  aio.)  in  predicting  mor- 
tality in  children  with  acute  respiratory  failure 


managed  with  mechanical  ventilation.  We  re- 
viewed our  experience  with  extracorporeal  life 
support  for  acute  pediatric  respiratory  failure 
and  specifically  examined  P|a-j|0;  measure- 
ments during  the  24  hrs  before  extracorporeal 
life  support  to  determine  if  defined  cutoffs  es- 
tablished with  conventional  mechanical  venti- 
lation were  applicable  to  extracorporeal  life- 
support  survival.  DESIGN:  Retrospective, 
case-series  chart  review.  SETTING:  A  univer- 
sity tertiary  medical  center.  PATIENTS: 
Infants  and  children  (n  =  36),  one  month  to  18 
yrs  of  age,  with  severe  life-threatening  respira- 
tory failure  who  were  believed  to  have  failed 
conventional  mechanical  ventilatory  support. 
INTERVENTIONS:  Veno-venous  or  veno-ar- 
terial  extracorporeal  life  support.  MEASURE- 
MENTS &  MAIN  RESULTS:  From  1982  to 
1992,  we  managed  36  pediatric  patients  with 
severe  respiratory  failure  using  extracorporeal 
life  support.  We  identified  28  patients  who  had 
P|A-a|02  values  of  >  400  torr  (>  53.3  kPa)  for 
the  24-hr  time  period  before  placement  on  by- 
pass. At  the  time  of  bypass  initiation,  all  blood 
gas  and  mechanical  ventilator  parameters  ex- 
cept Paco;  showed  trends  of  worsening  pul- 
monary function,  compared  with  measure- 
ments done  24  hrs  before  bypass  initiation. 
Oxygenation  related  variables  showed  statisti- 
cally significant  worsening  trends  when  mea- 
sured 24  hrs  before  bypass,  compared  with  the 
time  of  bypass:  PiA-aiO:  539  vs  582  torr  (71.9 
vs  77.6  kPa),  p  <  0.01 ;  PaO;/FiO:  ratio  70  vs  57 
torr  (9.3  vs  7.6  kPa),  p  <  0.05;  oxygenation 
index  32  vs  47  cm  HiO/torr,  p  <  0.01 ;  and  F|0; 
0.94  vs  0.98,  p  <  0.05.  Sixty-one  percent  of  ex- 
tracorporeal life  support-managed  patients  ( 17 
of  28)  survived  their  life-threatening  respirato- 
ry illness  to  be  discharged  home.  CONCLU- 
SIONS: Based  on  previous  reports  of  the  utili- 
ty of  P|A-aiO!  measurements  to  predict  mortali- 
ty, our  preliminary  evidence  suggests  that  ex- 
tracorporeal life  support  results  in  62%  sur- 
vival for  pediatric  respiratory  failure  patients 
predicted  to  have  no  chance  of  survival  using 
conventional  mechanical  ventilation. 
Prospective,  randomized  trials  of  children  with 
severe  acute  respiratory  failure  managed  with 
mechanical  ventilation  vs  extracorporeal  lite 
support  may  be  indicated. 

Use  of  Pulse  Oximetry  To  Monitor  Venous 
Saturation  during  Kxtracorporeai  Life 
Support  — RM  Odcll,  RM  Doran,  RC 
Erickson.  TC  Zcilinger.  MG  Coyle.  Crit  Care 
Med  l'W4;22(4):626. 

OBJECTIVE:  To  assess  the  ability  of  two  dif- 
ferent pulse  oximeters  to  display  continuous 
venous  oxygen  saturation  through  an  extracor- 
poreal bypass  circuit  with  a  degree  of  accuracy 
comparable  to  direct  in-line  oximetry.  DE- 
SIGN: Prospective,  comparison  study  of  pulse 


oximeters  (test  oximeter  1  or  test  oximeter  2) 
and  an  in-line  oximeter  (test  oximeter  3).  SET- 
TING: A  tertiary  care  neonatal  intensive  care 
unit.  PATIENTS:  65  consecutive  neonates 
with  severe  cardiorespiratory  failure  undergo- 
ing extracorporeal  life  support.  INTERVEN- 
TIONS: The  accuracy  of  the  oximeters  was  de- 
termined by  simultaneously  comparing  the  sat- 
uration displayed  by  the  pulse  oximeters  (test 
oximeters  I  and  2)  and/or  the  in-line  oximeter 
(test  oximeter  3)  with  the  measured  fractional 
venous  oxygen  saturation  obtained  at  regular 
intervals  from  the  extracorporeal  circuit. 
MAIN  OUTCOME  MEASURES:  Venous 
oxygen  saturation  was  the  criterion  standard 
used  to  determine  accuracy.  Bias  was  defined 
as  the  mean  difference  between  observed  pulse 
oximeter'  or  in-line  oximeter  values  and  the 
measured  venous  oxygen  saturation.  Mean  bi- 
ases were  calculated  for  venous  oxygen  satura- 
tion measurements  between  55%  and  999!!  at 
intervals  of  10%.  Precision  (the  standard  devi- 
ation of  the  bias)  was  calculated  for  low  (55% 
to  75%.),  medium  (76%  to  81%),  and  high 
(82%  to  99%)  venous  oxygen  saturation  val- 
ues. A  total  of  983  venous  oxygen  saturation 
measurements  were  made  and  compared  with 
simultaneous  oximeter  readings  from  test 
oximeter  I  (n  =  600),  test  oximeter  2  (n  =  478), 
and  test  oximeter  3  (n  =  587).  RESULTS:  Test 
oximeter  I  was  the  most  precise  instrument  at 
each  level  of  venous  oxygen  saturation  (SD  4.0 
to  4.8).  Test  oximeter  3  demonstrated  the  most 
consistent  mean  bias  (range  8),  but  was  the 
most  inaccurate  oximeter  across  all  levels  of 
venous  oxygen  saturation.  CONCLUSIONS: 
In  addition  to  its  known  clinical  usefulness, 
pulse  oximetry  may  serve  as  an  adequate  sub- 
stitute for  in-line  oximetry  during  extracorpo- 
real life  support. 

Closed  versus  Open  Endotracheal  Suc- 
tioning: Costs  and  Physiologic  Con- 
sequences— KL  Johnson.  PA  Kearney.  SB 
Johnson.  JB  Niblett.  NL  MacMillan.  RE 
McClain.  Crit  Care  Med  I994;22(4):658. 

OBJECTIVE:  To  examine  the  physiologic 
consequences  and  costs  associated  with  two 
methods  of  endotracheal  suctioning:  closed  vs 
open.  DESIGN:  A  prospective,  randomized, 
controlled  study.  SETTING:  An  eight-bed 
trauma  intensive  care  unit  (ICU)  in  a  460-bed 
Level  I  trauma  center.  PATIENTS:  The  study 
included  35  trauma/general  surgery  patients 
( 16  in  the  open  suction  group.  19  in  the  clo.sed 
suction  group)  who  were  treated  with  a  total  of 
276  suctioning  procedures  (127  open.  149 
closed).  MEASUREMENTS  &  MAIN  RE- 
SULTS: Physiologic  data  collected  after  hy- 
peroxygenation.  immediately  after  suctioning, 
and  30  seconds  after  suctioning,  were  com- 
pared with  baseline  \alues.  Open  endotracheal 
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New,  for  asthma... 

SEREVENT:  The  Next  Dimension 
in  Inhaied  Bronchodiiator  nerapy 


Consistent  Improvement  in  Lung  Function' 
Maintained  Over  12  Hours  '^ 


First  Treatment  Day 


P<0,05 
vs  albuterol 
I ' 1 


P<0.05 
vs  albuterol 


60 -(^ 
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^iB     SEREVENT 

^^M     42ijg(n=75) 

Albuterol 
ia0ijg(n=73) 

llllllllll     l%ff 

Adapted  from  Pearlman  et  al. ' 

*P<0.05  versus  albuterol  during  the  periods  4  to  6  hours 
after  each  of  the  two  doses  of  albuterol. 
P<0.001  versus  placebo  throughout  the  12-hour  period. 

Mean  FEV,  Over  12  Hours  After  the  First 
Dose  of  SEREVENT  (Given  at  Hour  0 
Foiiowed  by  Piacebo  at  Hour  6),  Jv/o 
Doses  ofAibuterol  (Given  at  Hour  0  and 
Hour  6),  and  Tv/o  Doses  of  Placebo 
(Given  at  Hour  0  and  Hour  6) 


Proven  for  12  weeks J^  maintained  over  12  months  f 

SEREVENT  is  indicated  for  prevention  and  maintenance 
treatment  of  asttima  (including  nocturnal  asthma)  in 
patients  12  years  of  age  and  older  who  require  regular 
treatment  v^ith  inhaled,  short-acting  B2-agonists. 


o   Convenient  twice-daily'  dosing. 

o  Outstanding  side  effect  profile  comparable  to  albuterol. 

o   The  most  common  drug-related  adverse  events 
reported  in  clinical  trials  were  headache  (10%),  tremor 
(3%),  and  cough  (3%).' 


=  ^     New,  Twice-Daily 


^Dosing  sliouid  be  two  puffs 
(42  ijg)  of  SEREVENT 
Inhialation  Aerosol,  tv/ice 
daily,  morning  and  evening, 
approximately  l2iiours 
apart,  for  the  maintenance 
treatment  of  asttima. 
SEREVENT  st)ouid  not  be 
used  for  tfie  treatment  of 
acute  exacerbations. 


Please  consult  Brief  Summary  of  Prescribing  Information 
on  the  following  pages. 


S&e\/ehf 

(salmeferol  xinafoafe) 

inholafion  Aerosol 

Morning  and  Evening  inlialation 
for  Active  Days  and  Restful  Nigtits 


1              SEREVENT 

60-Dose  Institutional  Package 

NDC  0173-0467-00 

SEREVENT 

120-Dose  Trade  Package 

NDC  0)73-0464-00 

Serevent® 

(salmeterol  xinafoate) 
Inhalation  Aerosol 


BRIEF  SUMMARY 


Bronchodilator  Aerosol 
For  Oral  Inhalation  Only 

Tlie  following  is  a  brief  summary  only  Before  prescribing,  see  complete  prescribing  information  in 
SerevenF  Inhalation  Aerosol  product  labeling 

CONTRAINDICATIONS:  Serevent*  Inhalation  Aerosol  is  contraindicated  in  patients  with  a  history  of 
hypersensitivity  to  any  of  the  components 

WARNINGS:  1  Not  tor  Use  to  Treat  Acute  Svmptoms.  Watch  for  Increased  Need  for  Short-Acting 
Beta  1  ■Agonists  Serevent*"  Inhalation  Aerosol  should  not  be  used  to  relieve  acute  asthma  symptoms.  If  the 
patient's  short-acting,  inhaled  beta, -agonist  becomes  less  effective,  e  g ,  the  patient  needs  more 
inhalations  than  usual,  medical  evaluation  must  be  obtained  immediately  and  increasing  use  of  Serevent 
Inhalation  Aerosol  in  this  situation  is  inappropriate  Serevent  Inhalation  Aerosol  should  not  be  used  more 
frequently  than  twice  daily  (morning  and  evening)  at  the  recommended  dose  When  prescribing  Serevent 
Inhalation  Aerosol,  patients  must  be  provided  with  a  short-acting,  inhaled  beta,-agonist  (e  g  ,  albuterol)  for 
treatment  of  symptoms  that  occur  despite  regular  twice-daily  (morning  and  evening)  use  ot  Serevent, 

Asthma  may  deteriorate  acutely  over  a  penod  of  hours  or  chronically  over  several  days  In  this  setting, 
increased  use  of  inhaled,  short-acting  betan-agonists  is  a  marker  of  destabilization  ot  asthma  and  requires 
re-evaluation  of  the  patient  and  consideration  of  alternative  treatment  regimens,  especially  inhaled  or 
systemic  corticosteroids  It  the  patient  uses  four  or  more  inhalations  per  day  of  a  short-acting  beta2- 
agonist  on  a  regular  basis,  or  if  more  than  one  canister  (200  inhalations  per  canister)  is  used  in  an  8-weel^ 
period,  then  the  patient  should  see  the  physician  for  re-evaluation  of  treatment 

2  Use  With  Short-Acting  Belai-Agonists  When  patients  begin  treatment  with  Serevent  Inhalation 
Aerosol,  those  who  have  been  taking  short-acting,  inhaled  beta;-agonists  on  a  regular  daily  basis  should 
be  advised  to  discontinue  their  regular  daily-dosing  regimen  and  should  be  clearly  instructed  to  use  short- 
acting,  inhaled  betaz-agonisfs  only  tor  symptomatic  relief  if  they  develop  asthma  symptoms  while  taking 
Serevent  Inhalation  Aerosol  (see  PRECAUTIONS  Drug  Interactions) 

3.  Serevent  Inhalation  Aerosol  is  Not  a  Substitute  tor  Oral  or  Inhaled  Corticosteroids.  Patients  must  be 
warned  not  to  stop  or  reduce  corticosteroid  therapy  without  medical  advice,  even  if  they  feel  better  when 
they  are  being  treated  with  Serevent 

4,  Do  Not  Exceed  Recommended  Dose:  As  with  other  beta-adrenergic  aerosols,  Serevent  Inhalation 
Aerosol  should  not  be  used  in  excess.  Fatalities  have  been  reported  in  association  with  excessive  use  of 
inhaled  sympathomimebc  drugs  Large  doses  of  inhaled  or  oral  salmeterol  (12  to  20  times  the 
recommended  dose)  have  been  associated  with  clinically  significant  prolongation  of  the  OTq  interval, 
which  has  the  potential  tor  producing  ventricular  arrhythmias 

5  Paradoxical  Bronchospasm  As  with  other  inhaled  asthma  medications,  paradoxical  bronchospasm 
(which  can  be  life-threateningi  has  been  reported  following  the  use  of  Serevent  Inhalation  Aerosol  If  It 
occurs,  treatment  with  Serevent  Inhalation  Aerosol  should  be  discontinued  immediately  and  alternative 
therapy  instituted 

6,  Immediate  Hypersensitivity  Reactions,  Immediate  hypersensitivity  reactions  may  occur  after 
administration  of  Serevent  Inhalation  Aerosol,  as  demonstrated  by  rare  cases  of  urticana,  rash,  and 
bronchospasm. 

PRECAUTIONS: 

General:  1  Use  with  Spacer  or  Other  Devices:  The  safety  and  effectiveness  of  Serevenf*  Inhalation 

Aerosol  when  used  with  a  spacer  or  other  devices  have  not  been  adequately  studied 

2  Cardiovascular  and  Other  Effects:  No  effect  on  the  cardiovascular  system  is  usually  seen  after  the 
administration  of  inhaled  salmeterol  in  recommended  doses,  but  the  cardiovascular  and  central  nervous 
system  effects  seen  with  all  sympathomimetic  drugs  (e  g  ,  increased  blood  pressure,  heart  rate, 
excitement)  can  occur  after  use  of  Serevent  Inhalation  Aerosol  and  may  reguire  discontinuation  of  the 
drug.  Salmeterol,  like  all  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with 
cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac  arrhythmias,  and  hypertension:  in 
patients  with  convulsive  disorders  or  thyrotoxicosis,  and  in  patients  who  are  unusually  responsive  to  sym- 
pathomimetic amines 

As  has  been  described  with  other  beta-adrenergic  agonist  bronchodilafors,  clinically  significant 
changes  m  systolic  and/or  diastolic  blood  pressure,  pulse  rate,  and  electrocardiograms  have  been  seen 
infrequently  in  individual  patients  in  controlled  clinical  studies  with  salmeterol 

3.  Metabolic  Effects:  Doses  ot  the  related  betaj-adrenoceptor  agonist  albuterol,  when  administered 
Intravenously,  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoacidosis  No  effects 
on  glucose  have  been  seen  with  Serevent  Inhalation  Aerosol  at  recommended  doses  Administration  of 
betaj-adrenoceptor  agonists  may  cause  a  decrease  in  serum  potassium,  possibly  through  intracellular 
shunting,  which  has  the  potential  to  increase  the  likelihood  of  arrhythmias  The  decrease  is  usually 
transient,  not  requiring  supplementation 

Clinically  significant  changes  in  blood  glucose  and/or  serum  potassium  were  seen  rarely  during  clinical 
studies  with  long-term  administration  of  Serevent  Inhalation  Aerosol  at  recommended  doses 
Information  tor  Patients:  See  illustrated  Patient  s  Instructions  for  Use  SHAKE  WELL  BEFORE  USING. 
Patients  should  be  given  the  following  information: 

1  Not  fof  Use  to  teal  Acute  SymEtoms:  Serevent  Inhalation  Aerosol  is  not  meant  to  relieve  acute 
asthmatic  symptoms  Acute  symptoms  should  be  treated  with  an  inhaled,  short-acting  bronchodilator  that 
has  been  prescribed  by  a  physician  lor  symptom  relief 

2  Do  Not  Exceed  Recommended  Dose:  The  bronchodilator  action  of  salmeterol  usually  lasts  lor  at  least 
12  hours  Tiwreforf:  it  shfiuld  not  be  used  more  often  than  every  12  hours 

3  Uoi: .'-  II  '  i:::' '  Ml  III  iiions:  While  using  Serevent  Inhalation  Aerosol,  other  inhaled  medicines  should 
bela!<r:i'      ,'■-::  ,  llie  physician 

4  U>  ■   ^  Inhaled  Beta-Agonists,  While  using  Serevent  Inhalation  Aerosol,  medical 
attenlirji,  :    1 1:  t  ^  ,  iuijm  inimediately  if  the  short-acting  bronchodilator  treatment  becomes  less 
effective  (or  iymploiri  relief,  if  more  inhalations  than  usual  are  needed,  or  if  more  than  the  maximum 
number  ol  inhalations  of  short-acting  bronchodilator  treatment  prescribed  (or  a  24-hour  period  are 
needed  If  the  patient  uses  four  or  more  inhalations  per  day  of  a  short-acting  beta?-agonist  on  a  regular 
basis,  or  if  more  than  one  canister  (200  inhalations  per  canister)  is  used  in  an  8-week  period,  then  the 
patient  should  see  the  physician  for  re-evaluation  ol  treatment 

Patients  should  be  cautioned  regarding  potential  adverse  cardiovascular  effects,  such  as  palpitations  or 


chest  pain,  related  to  the  use  of  additional  betaj-agonist 

5,  Use  ot  Systemic  or  Inhaled  Steroids.  Serevent*  (salmeterol  xinaloate)  Inhalation  Aerosol  does  not 
replace  oral  or  inhaled  corticosteroids:  the  dosage  of  these  medicines  should  not  be  changed  and  they 
should  not  be  stopped  without  consulting  the  physician,  even  if  the  patient  feels  better 

6.  Use  for  Exercise-Induced  Bronchospasm:  When  using  Serevent  Inhalation  Aerosol  to  prevent 
exercise-induced  bronchospasm,  the  dose  should  be  administered  at  least  30  to  60  minutes  before 
exercise 

Drug  Interactions:  Short-Acting  Beta-Agonists:  In  the  two  3-month,  repetitive-dose  clinical  tnals 
(n=l84),  the  mean  daily  need  for  additional  beta^-agonist  use  was  1  to  1 V^  inhalations  per  day.  but  some 
patients  used  more  Eight  percent  of  patients  used  at  least  eight  inhalations  per  day  at  least  on  one 
occasion  Six  percent  used  9  to  1 2  inhalations  at  least  once  There  were  1 5  patients  (8%)  who  averaged 
over  four  inhalations  per  day  Four  of  these  used  an  average  of  8  to  1 1  inhalations  per  day  In  these  1 5 
pahents  there  was  no  observed  increase  in  frequency  of  cardiovascular  adverse  events  The  safety  of 
concomitant  use  of  more  than  eight  inhalations  per  day  of  short-acting  beta;-agonists  with  Serevent 
Inhalation  Aerosol  has  not  been  established  In  1 5  patients  who  experienced  worsening  of  asthma  while 
receiving  Serevent  Inhalation  Aerosol,  nebulized  albuterol  (one  dose  in  most)  led  to  improvement  in  FEVi 
and  no  increase  m  occurrence  ol  cardiovascular  adverse  events 

Monoamine  Oxidase  tnltibitors  and  Tricyclic  Antidepressants:  Salmeterol  should  be  administered  with 
extreme  caution  to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic  antidepressants 
because  the  action  of  salmeterol  on  the  vascular  system  may  be  potentiated  by  these  agents 

Corticosteroids  and  Cromoglycate:  In  clinical  trials,  inhaled  corticosteroids  and/or  inhaled  cromolyn 
sodium  did  not  alter  the  safety  profile  of  Serevent  Inhalation  Aerosol  when  administered  concurrently 

Methylxanthines:  The  concurrent  use  of  intravenously  or  orally  administered  methylxanthines  (eg,, 
aminophylline,  theophylline)  by  patients  receiving  Serevent  Inhalation  Aerosol  has  not  been  completely 
evaluated  In  one  clinical  trial,  87  patients  receiving  Serevent  Inhalation  Aerosol  42  meg  twice  daily 
concurrently  with  a  theophylline  product  had  adverse  event  rates  similar  to  those  in  71  patients  receiving 
Serevent  Inhalation  Aerosol  without  theophylline  Resting  heart  rates  were  slightly  higher  in  the  patients  on 
theophylline  but  were  little  affected  by  Serevent  Inhalation  Aerosol  therapy 
Carcinogenesis,  Mutagenesis,  Impairment  ol  Fertility:  In  an  18-month  oral  carcinogenicity  study  in 
CD-mice,  salmeterol  xinafoate  caused  a  dose-related  increase  in  the  incidence  of  smooth  muscle 
hyperplasia,  cystic  glandular  hyperplasia,  and  leiomyomas  of  the  uterus  and  a  dose-related  increase  in  the 
incidence  ol  cysts  in  the  ovaries.  A  higher  incidence  of  leiomyosarcomas  was  not  statistically  significant; 
tumor  findings  were  observed  at  oral  doses  of  1  4  and  1 0  mg/kg,  which  gave  9  and  63  times,  respechvely, 
the  human  exposure  based  on  rodenthuman  AUC  comparisons 

Salmeterol  caused  a  dose-related  increase  in  the  incidence  of  mesovarian  leiomyomas  and  ovanan 
cysts  in  Sprague  Dawley  rats  in  a  24-month  inhalation/oral  carcinogenicity  study  Tumors  were  observed 
in  rats  receiving  doses  of  0  68  and  2  58  mg/kg  per  day  (about  55  and  21 5  bmes  the  recommended 
clinical  dose  |mg/m^l)  These  findings  in  rodents  are  similar  to  those  reported  previously  for  other  beta- 
adrenergic  agonist  drugs  The  relevance  of  these  findings  to  human  use  is  unknown. 

No  significant  effects  occurred  in  mice  at  0  2  mg/kg  (1  3  bmes  the  recommended  clinical  dose  based 
on  comparisons  of  the  AUCs)  and  in  rats  at  0  21  mg/kg  (1 5  times  the  recommended  clinical  dose  on  a 
mg/m^  basis), 

Salmeterol  xinafoate  produced  no  detectable  or  reproducible  increases  in  microbial  and  mammalian 
gene  mutation  in  vitro  No  blastogenic  activity  occuned  in  vitro  in  human  lymphocytes  or  rn  mo  in  a  rat 
micronucleus  test  No  effects  on  fertility  were  identified  in  male  and  female  rats  treated  orally  with 
salmeterol  xinafoate  at  doses  up  to  2  mg/kg  orally  (about  160  times  the  recommended  clinical  dose  on  a 
mg/m-  basis) 

Pregnancy:  Teratogenic  Effects:  Pregnancy  Category  C:  No  significant  effects  of  maternal  exposure  to 
oral  salmeterol  xinafoate  occurred  in  the  rat  at  doses  up  to  the  equivalent  ot  about  160  times  the 
recommended  clinical  dose  on  a  mg/m:  basis,  Dutch  rabbit  fetuses  exposed  to  salmeterol  xinafoate  in 
utero  exhibited  effects  characteristically  resulting  from  beta-adrenoceptor  stimulation,  these  included 
precocious  eyelid  openings,  cleft  palate,  sternebral  fusion,  limb  and  paw  flexures,  and  delayed  ossification 
of  the  frontal  cranial  bones.  No  significant  effects  occurred  at  0  6  mg/kg  given  orally  (12  times  the 
recommended  clinical  dose  based  on  comparison  of  the  AUCs) 

New  Zealand  White  rabbits  were  less  sensibve  since  only  delayed  ossification  of  the  frontal  bones  was 
seen  at  10  mg/kg  given  orally  (approximately  1 ,600  times  the  recommended  clinical  dose  on  a  mg/m^ 
basis).  Extensive  use  of  other  beta-agonists  has  provided  no  evidence  that  these  class  effects  in  animals 
are  relevant  to  use  in  humans  There  are  no  adequate  and  well-controlled  studies  with  Serevent  Inhalation 
Aerosol  in  pregnant  women  Serevent  Inhalation  Aerosol  should  be  used  dunng  pregnancy  only  if  the 
potential  benefit  (ustifies  the  potential  nsk  to  the  fetus 

Use  in  Labor  and  Delivery:  There  are  no  well-controlled  human  studies  that  have  investigated  effects  of 
salmeterol  on  preterm  labor  or  labor  at  term  Because  of  the  potential  for  beta-agonist  interference  with 
uterine  contractility,  use  ot  Serevent  Inhalation  Aerosol  during  labor  should  be  restricted  to  those  pahents 
in  whom  the  benetits  clearly  outweigh  the  risks 

Nursing  Mothers:  Plasma  levels  ol  salmeterol  after  inhaled  therapeutic  doses  are  very  low  (85  to  200 
pg/mL)  in  humans  In  lactating  rats  dosed  with  radiolabeled  salmeterol,  levels  of  radioactivity  were  similar 
in  plasma  and  milk  In  rats,  concentrabons  of  salmeterol  in  plasma  and  milk  were  similar  The  xinafoate 
moiety  is  also  transferred  to  milk  in  rats  at  concentrations  of  about  half  the  corresponding  level  in  plasma. 
However,  since  there  is  no  experience  with  use  ot  Serevent  Inhalation  Aerosol  by  nursing  mothers,  a 
decision  should  be  made  whether  to  discontinue  nursing  or  to  discontinue  the  drug,  taking  into  account 
the  importance  ol  the  drug  to  the  mother  Caution  should  be  exercised  when  salmeterol  xinafoate  is 
administered  to  a  nursing  woman 

Pediatric  Use:  The  safety  and  effectiveness  of  Serevent  Inhalation  Aerosol  in  children  younger  than  1 2 
years  of  age  have  not  been  established 

Geriatric  Use:  01  the  total  number  ol  patients  who  received  Serevent  Inhalation  Aerosol  in  all  clinical 
studies,  241  were  65  years  and  older  Geriatric  patients  (65  years  and  older)  with  reversible  obstnictive 
airway  disease  were  evaluated  in  four  well-controlled  studies  of  3  weeks'  to  3  months'  durahon  Two 
placebo-controlled,  crossover  studies  evaluated  twice-daily  dosing  with  salmeterol  for  21  to  28  days  in  45 
patients.  An  additional  75  geriatric  patients  were  treated  with  salmeterol  lor  3  months  in  two  large 
parallel-group,  multicenter  studies  These  120  patients  experienced  increases  in  AM  and  PM  peak 
expiratory  How  rate  and  decreases  in  diurnal  variation  in  peak  expiratory  How  rate  similar  to  responses 
seen  in  the  total  populations  of  the  two  latter  studies  The  adverse  event  type  and  frequency  in  geriatnc 
patients  were  not  different  from  those  ol  the  total  populations  studied 

No  apparent  ditlerences  in  the  elficacy  and  safety  ol  Serevent  Inhalation  Aerosol  were  observed  when 
geriatric  patients  were  compared  with  younger  patients  in  clinical  trials.  As  with  other  beta^-agonists, 
however,  special  caution  should  be  observed  when  using  Serevent  Inhalation  Aerosol  in  elderly  patients 
who  have  concomitant  cardiovascular  disease  that  could  be  adversely  affected  by  this  class  of  drug 
Based  on  available  data,  no  adjustment  ol  salmeterol  dosage  in  genatric  patients  is  warranted. 


Serevent  -(salmeterof  xinafoate)  inhalation  Aerosoi 

ADVERSE  REACTIONS:  Adverse  reactions  to  salmetero)  are  similar  in  nature  to  reactions  to  other  selective 
beta  -adrenoceptor  agonists,  i  e  ,  tachycardia:  palpitations,  immediate  tiypersensitivity  reactions,  including 
urticaria,  rasti,  bronctiospasm  (see  WARNINGS);  (leadactie,  tremor;  nervousness;  and  paradoxical 
bronchospasm  (see  WARNINGS) 

Two  multicenter,  1 2-week,  controlled  studies  have  evaluated  twice-daily  doses  of  Serevent^- 
(salmeterol  xinafoate)  Inhalation  Aerosol  in  patients  1 2  years  of  age  and  older  witti  asthma.  The  following 
table  reports  the  incidence  of  adverse  events  in  these  two  studies 

Adverse  Experience  Incidence  in  Two  Large  12-Week  Clinical  Trials* 


Adverse  Event  Type 

Percent  of  Patients 

Placebo 
n  =  187 

Serevent 
42  meg  bid.  n=184 

Albuterol 
laOmcgq.i.d.  n=185 

Ear.  nose,  and  throat 

tJpper  respiratory 
tract  infection 

13 

14 

te- 

Nasopliaryngitis 
Disease  of  nasal 

12 

14 

ll 

cavity/sinus 
Sinus  headache 

4 
2 

6 
4 

1 
<1 

Gastrointestinal 

Stomachache 

0 

4 

0 

Neurological 
Headache 

23 

28 

27 

Tremor 

2 

4 

3 

Respiratory 
Cough 

Lower  respiratory 
infection 

6 
2 

7 
4 

3 
2 

The  table  above  includes  all  events  (whether  considered  drug  related  or  nondrug  related  by  the 
investigator)  that  occurred  at  a  rate  of  over  3%  in  the  Serevent  Inhalation  Aerosol  treatment  group  and 
were  more  common  in  the  Serevent  Inhalation  Aerosol  group  than  in  the  placebo  group. 

Pharyngitis,  allergic  rhinitis,  dizziness/giddiness,  and  influenza  occurred  at  3%  or  more  but  were 
equally  common  on  placebo.  Other  events  occurring  in  the  Serevent  Inhalation  Aerosol  treatment  group  at 
a  frequency  of  1  %  to  3%  were  as  follows: 

Cardiovascular  Tachycardia,  palpitations 

Ear,  Nose,  and  rftroafr  Rhinitis,  laryngitis. 

Gastrointestinal:  Hausea.  viral  gastroenteritis,  nausea  and  vomihng,  diarrhea,  abdominal  pain. 

Hypersensitivity:  Urticaria 

Moutti  and  TeeW:  Dental  pain. 

Musculoskeletal:  Pain  m  joint,  back  pain,  muscle  cramp/contraction,  myalgia/myositis,  muscular 

soreness 

Neurological:  Nervousness,  malaise/fatigue. 

flesp/ra/o/y'Tracheitis/bronchitis 

S/t/n;  Rash/skin  eruption. 

Urogenital:  Dysmenon-hea 

In  small  dose-response  studies,  tremor,  nervousness,  and  palpitations  appeared  to  be  dose  related 

OVERDOSAGE:  Overdosage  with  salmeterol  may  be  expected  to  result  in  exaggeration  of  the 
pharmacologic  adverse  effects  associated  with  beta-adrenoceptor  agonists,  including  tachycardia  and/or 
arrhythmia,  tremor,  headache,  and  muscle  cramps.  Overdosage  with  salmeterol  can  lead  to  clinically 
significant  prolongation  of  the  QT^  interval,  which  can  produce  ventricular  arrhythmias  Other  signs  of 
overdosage  may  include  hypokalemia  and  hyperglycemia. 

In  these  cases,  therapy  with  Serevent"  Inhalation  Aerosol  and  all  beta-adrenergic-stimulant  drugs 
should  be  stopped,  supportive  therapy  provided,  and  judicious  use  of  a  beta-adrenergic  blocking  agent 
should  be  considered,  beanng  m  mind  the  possibility  that  such  agents  can  produce  bronchospasm. 
Cardiac  monitoring  is  recommended  in  cases  of  overdosage 

As  with  all  sympathomimetic  pressurized  aerosol  medications,  cardiac  arrest  and  even  death  may  be 
associated  with  abuse  of  Serevent  Inhalation  Aerosol 

Rats  and  dogs  survived  the  maximum  practicable  inhalation  doses  of  salmeterol  of  2  9  and  0,7  mg/kg, 
respectively  The  maximum  nonlethal  oral  doses  in  mice  and  rats  were  approximately  1 50  mg/kg  and 
>1,000  mg/kg,  respectively. 

Dialysis  is  not  appropriate  treatment  for  overdosage  of  Serevent  Inhalation  Aerosol. 
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ABSTRACTS 


suctioning  resulted  in  significant  increases  in 
mean  arterial  pressure  throughout  the  suction- 
ing procedure.  Both  methods  resulted  in  in- 
creased mean  heart  rates.  However.  30  seconds 
after  the  procedure,  the  open-suction  method 
was  associated  with  a  significantly  higher 
mean  heart  rate  than  was  the  closed  method. 
Closed  suctioning  was  associated  with  signifi- 
cantly fewer  dysrhythmias.  Arterial  oxygen 
saturation  and  systemic  venous  oxygen  satura- 
tion decreased  with  open  suctioning.  In  con- 
trast, arterial  oxygen  saturation  and  systemic 
venous  oxygen  saturation  increased  with  the 
closed  suction  method.  There  was  no  differ- 
ence between  the  two  methods  in  the  occur- 
rence of  nosocomial  pneumonia.  Open  endo- 
tracheal suctioning  cost  $1.88  more  per  patient 
per  day  and  required  more  nursing  time.  CON- 
CLUSIONS: The  closed  suction  method  re- 
sulted in  significantly  fewer  physiologic  dis- 
turbances. Closed  suctioning  appears  to  be  an 
effective  and  cost-efficient  method  of  endotra- 
cheal suctioning  that  is  associated  with  fewer 
suction-induced  complications. 

Aerosolized  Ribavirin  in  Mechanically 
Ventilated  Children  with  Respiratory 
Syncytial  Virus  Lower  Respiratory  Tract 
Disease:  A  Prospective,  Double-Blind, 

Randomized  Trial — KL  Meert,  AP  Sarnaik, 
MJ  Gelmini.  MW  Lieh-Lai.  Crit  Care  Med 
I994:22(4):566. 

OBJECTIVE:  To  study  the  effect  of  ribavirin 
aerosol  therapy  on  the  immediate  clinical 
course  of  mechanically  ventilated  children 
with  respiratory  syncytial  virus  lower  respira- 
tory tract  disease.  DESIGN:  Prospective,  ran- 
domized, double-blind,  placebo-controlled 
study.  SETTING:  Pediatric  intensive  care  unit 
(ICU)  of  a  university  teaching  hospital.  PA- 
TIENTS: 41  children  requiring  mechanical  ven- 
tilation for  respiratory  syncytial  virus  lower 
respiratory  tract  disease.  INTERVENTIONS: 
Patients  were  stratified  by  the  presence  or  ab- 
sence of  and  underlying  disease  and  then  ran- 
domized to  receive  aerosolized  ribavirin  (20 
mg/mL)  or  saline  for  18  hours/day  for  5  days 
or  until  endotracheal  extubation.  whichever 
came  first.  MEASUREMENTS  &  MAIN  RE- 
SULTS: Dependent  variables  included  the 
lime  course  of  the  illness  and  the  change  in 
F|02,  ventilatory  rate.  PaO:-F|0j  ratio,  and  ven- 
tilatory-efficiency  index  of  patients  while  they 
received  aerosol  therapy.  Ribavirin-  and  place- 
bo-treated patient  groups  were  not  significant- 
ly different  in  the  number  of  ventilator  days 
(6.4  ±  6.9  vs  8.2  ±  10.1;  p  =  O..")).  oxygen  days 
(10.8  ±7.7  vs  12.2  ±  1 1.8;  p  =  0.9).  ICU  days 
(7.9  ±  7.0  vs  \()3  ±  1 1.0;  p  =  0.7),  or  hospital 
days  (12.9  ±  9.7  vs  16.2  ±  14.0;  p  =  0.6)  after 
the  initiation  of  aerosol  therapy.  The  change  in 
Klo:,  ventilatory  rate.  P;,o:-F|o..  ratio,  or  venti- 


latory efficiency  index  did  not  differ  between 
the  two  groups.  No  ventilator  malfunction  was 
observed.  There  were  six  deaths  caused  by  in- 
tractable hypoxemia  in  patients  with  underly- 
ing cardiopulmonary  disease.  Four  of  these 
deaths  were  in  the  placebo  group  and  two  in 
the  ribavirin  group  (p  =  0.5).  CONCLU- 
SIONS: Ribavirin  aerosol  therapy  can  be  safe- 
ly administered  to  mechanically  ventilated 
children  with  severe  respiratory  syncytial  virus 
lower  respiratory  tract  disease.  However,  this 
therapy  does  not  appear  to  affect  immediate 
clinical  outcome  in  such  patients. 

A  Nurse-Delivered  Smoking  Cessation 
Intervention  among  Hospitalized  Post- 
operative Patients — Influence  of  a  Smok- 
ing-Related  Diagnosis:  A  Pilot  Study — ME 

Wewers,  JM  Bowen,  AE  Stanislaw,  VB 
Desimone.  Heart  Lung  1 994:2.3(2 ):  1 5 1 . 

OBJECTIVE:  To  examine  the  effect  of  a 
nurse-delivered  smoking  cessation  interven- 
tion on  short-term  smoking  abstinence  among 
hospitalized  postoperative  patients.  DESIGN: 
Prospective,  experimental,  random  assign- 
ment. SETTING:  Midwestern  university-affili- 
ated tertiary  medical  center.  PATIENTS: 
Postoperative  smokers  (n  =  80)  from  cardio- 
vascular, oncology,  and  general  surgical  units. 
OUTCOME  MEASURE:  Self-reported  smok- 
ing status  and  saliva  cotinine  level  at  5  to  6 
weeks  after  hospitalization.  INTERVEN- 
TION: Three  structured  smoking  cessation  ses- 
sions during  hospitalization,  followed  by 
phone  calls  once  a  week  for  5  weeks  after  dis- 
charge. RESULTS:  Of  the  experimental  group 
patients.  37.8%  were  abstinent  as  compared  to 
25.6%  in  the  usual  care  group.  Abstinence 
rates  of  experimental  group  patients  from  car- 
diovascular (40%)  and  oncology  (64.3%)  units 
were  higher  than  that  of  GS  (13.3%)  unit  pa- 
tients. Regardless  of  group  assignment,  100% 
of  cardiovascular  and  oncology  patients  ab- 
stained during  hospitalization,  compared  to 
only  10.7%  of  GS  patients.  CONCLUSIONS: 
Preliminary  results  indicate  that  a  nurse-deliv- 
ered cessation  intervention  inay  be  effective 
postoperatively  among  smokers  with  an  identi- 
fied smoking-related  diagnosis. 

Effects  of  Pressure-Controlled  with  Dif- 
ferent I:p;  Ratios  versus  Volume-Controlled 
Ventilation  on  Respiratory  Mechanics,  Gas 
Kxchange,  and  Heniudynaniics  in  Patients 
with  Adult  Respiratory  Distress  Syn- 
drome— MR  Lessard.  E  Guerot.  H  Lorino.  F 
Lemaire.  I.  Brochard.  Anesthesiology  1994; 
80:983. 

BACKGROUND:  Pressure-controlled  (PCV) 
and  pressure-controlled  inverse  ratio  vcntila- 
lioii  (I'CIRV)  have  been  proposed  insicad  of 


volume-controlled  conventional  ratio  ventila- 
tion (VC)  with  positive  end-expiratory  pres- 
sure (PEEP)  for  patients  with  adult  respiratory 
distress  syndrome  (ARDS).  The  advantages 
advocated  with  the  use  of  PCIRV  are  to  de- 
crease airway  pressures  and  to  improve  gas  ex- 
change. However,  most  studies  did  not  com- 
pare PCIRV  and  VC  while  keeping  both  the 
level  of  ventilation  and  end-expiratory  alveolar 
pressure  (total-PEEP)  constant.  METHODS:  9 
patients  with  moderate  to  severe  ARDS  (lung 
injury  score  2.83  ±  0.18)  had  their  lungs  venti- 
lated with  VC.  PCV  with  a  conventional  ratio 
(I:E  1:2;  PC  1/2).  and  PCIRV  (I:E  2:1  and  3:1; 
PC  2/1  and  PC  3/1.  respectively).  Ventilator 
settings  were  adjusted  to  keep  tidal  volume, 
respiratory  rate.  Fio,.  and  total-PEEP  constant 
in  every  mode.  With  each  mode,  a  complete  set 
of  ventilatory,  hemodynamic,  and  gas  ex- 
change parameters  was  obtained  after  30  min. 
RESULTS:  In  PC  3/1,  the  data  obtained  could 
not  be  strictly  compared  to  the  other  modes  be- 
cause total-PEEP  was  higher  despite  extemal- 
PEEP  being  set  at  zero.  For  the  other  modes 
(VC.  PC  1/2,  and  PC  2/1 ).  despite  differences 
in  peak  airway  pressures,  no  difference  was 
noted  for  end-inspiratory  and  end-expiratory 
static  airway  pressures  (which  better  reflect 
alveolar  pressures)  nor  for  lung  and  respiratory 
system  compliance.  Arterial  oxygenation  dete- 
riorated slightly  with  PC  2/1  despite  a  higher 
mean  airway  pressure,  whereas  alveolar  venti- 
lation tended  to  be  slightly,  but  not  significant- 
ly, improved  (lower  Paco.)-  A  decrease  in  sys- 
tolic and  mean  arterial  pressure  also  was  ob- 
served with  PC  2/1  without  other  significant 
hemodynamic  change.  CONCLUSIONS:  In 
this  prospective  controlled  study,  no  short- 
term  beneficial  effect  of  PCV  or  PCIRV  could 
be  demonstrated  over  conventional  VC  vv-ith 
PEEP  in  patients  with  ARDS. 
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NIK  (Nicotine  Intervention  Kit)  — 

NIK  IS  a  complete  do-it-yourself  kit  for 
establishing  a  nicotine  dependency 
intervention  program  in  your  health  care 
facility.  This  kit  contains  everything  you 
need  set  up  the  program.  It  includes  a 
videotape  to  introduce  the  concept  to 
administrators  and  staff,  a  business  plan 
to  help  sell  the  program  to 
management,  a  complete  set  of 
reproducible  forms  for  use  in  patient 
education  and  counseling,  and  a  list  of 
the  latest  resources  to  help  inform  both 
patients  and  staff. 
Item  R50  —  $70  Ea 
($50  for  AARC  Members) 

Nicotine  Dependency  Evaluation 
and  Treatment  — 

Helps  you  understand  the  physiologic 
effects  of  nicotine  and  the  tests  and 
questions  used  to  evaluate  dependency. 
Provides  an  understanding  of  nicotine, 
its  effects  on  brain  chemistry,  its 
measurement  in  bodily  fluids,  and  value 
of  self-tests  to  determine  addiction  level. 
Also  teaches  about  nicotine  replacement 
and  how  to  enhance  it  with  behavioral 
counseling. 

Individual  Independent  Study  Package, 
Item  SCI  —  $10Ea 

Bedside  Counseling  of  the 
Hospitalized  Smoker  — 

Prepares  you  for  the  role  of  a  smoking 
cessation  counselor  to  hospital  inpatients 
by  teaching  assessment  and  bedside 
counseling.  Help  patients  cope  with 
nicotine  withdrawal,  increase  motivation 
for  permanent  cessation,  and  understand 
the  factors  contributing  to  relapse. 
Individual  Independent  Study  Package, 
ltemSC2  — $10Ea 

Smoking  Cessation:  Intervention 
Techniques  for  the  Respiratory 
Care  Practitioner  — 

Covers  four  major  aspects  of  smoking 
cessation  —  the  impact  of  smoking  on 
illness  and  mortality,  behavioral 
components,  current  cessation 
programs,  and  effective  intervention. 
Discusses  identification  of  the  physically 
addicted  smoker  and  the  effects  of 
nicotine  withdrawal.  A  one  hour 


videotape  lecture  by  Kathleen  A. 
Smalky,  MD,  MPH. 
Item  VT35  —  $40  Ea,  VHS 
($35  for  AARC  Members) 

Super  RT  — 

Enlighten  children  on  how  to  care  for 
their  lungs.  Don  a  Super  RT  t-shirt  and 
use  puppets  and  skits  to  entertain  and 
teach  children  about  caring  for  their 
lungs.  Kit  contains  a  Super  RT  t-shirt, 
three  puppets,  three  scripts,  30  activity 
books,  30  Non-Smoking  Fans,  30 
Smokebusters  Stickers,  30  Smokebusters 
bags,  a  lesson  plan  for  presentations, 
and  suggestions  for  future  projects. 
Item  PR7  —  Complete  Kit,  $40 
($30  for  AARC  Members) 
tem  PR8  —  10  Extra  Activity  Books,  $12 
($8  for  AARC  Members) 
Item  PR30  —  Pkg  of  50  Extra 
Smokebusters  Stickers,  $2 
($1  for  AARC  Members) 
Item  PR31  —  Pkg  of  50  Extra 
Smokebusters  Bags,  $12 
($6  for  AARC  Members) 

Secondhand  Smoke  — 

This  brochure  offers  topical  information 
about  the  effects  of  exposure  to 
secondhand  smoke  and  how  to  avoid  it. 
Item  R24  — $10,  Pad  Of  50 

($5  for  AARC  Members) 

The  Process  of  Quitting 
Smoking  — 

You  can  help  others  quit  smoking  with 

these  tips  on  how  they  can  start  the 

process. 

ItemRBB  — $10,  Pad  Of  50 

($5  for  AARC  Members) 

Non-Smoking  Fan  — 

This  hand-held  fan  is  a  great 
conversation  piece  and  demonstration  of 
one's  commitment  to  better  breathing. 
Item  R8  — $10,  Pkg  Of  25 

($5  for  AARC  Members) 

Headless  Matches  — 

Help  your  smoking  friends  see  the  light 
and  spread  the  word  that  "There's  No 
Match  for  Respiratory  Health"  with 
non-lighting  headless  matches. 
Item  R9  —  $5,  Box  Of  50 
($2.50  for  AARC  Members) 
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Editorials 


Why  Therapist-Driven  Protocols?  A  Balanced  View 


Therapist-driven  protocols  (TDPs),  also  called  patient- 
driven  protocols  or  respiratory  care  plans,  have  been  de- 
fined as  ".. .patient  care  plans  that  are  initiated  and  imple- 
mented by  credentialed  respiratory  care  workers.  These 
plans  have  been  designed  and  developed  with  input  from 
physicians,  and  are  approved  for  use  by  the  medical  staff 
and  governing  body  of  the  hospital  in  which  they  are  used. 
...TDPs  are  by  their  nature  dynamic  and  flexible,  allow- 
ing up-  or  down-regulation  of  intensity  of  respiratory  ser- 
vices. ...They  must  contain  clear  strategies  for  various 
therapeutic  interventions."' 

Though  implemented  in  a  small  number  of  hospitals  as 
early  as  the  1970s,  therapist-driven  protocols  are  now 
being  implemented  widely.  Specifically,  the  results  of  a  re- 
cent poll  of  32  attendees  at  the  1993  American  Association 
for  Respiratory  Care  ( AARC)  House  of  Delegates  meeting 
suggested  that  TDPs  are  currently  used  in  40.6%  of  hospi- 
tals and  are  being  planned  in  another  15.6%.-  In  addition  to 
their  increasing  use  in  hospitals,  the  popularity  of  thera- 
pist-driven protocols  has  been  manifested  recently  in  sev- 
eral other  ways,  including 

1.  a  proliferation  of  conferences,  both  video' and  live, 
on  the  subject  of  therapist-driven  protocols  (the  re- 
cent American  Association  for  Respiratory  Care 
State-of-the-Art  conference  on  therapist-driven  pro- 
tocols, summarized  in  this  issue  of  Respiratory 
Care,"  is  one  such  example); 

2.  publication  of  handbooks  and  textbooks  about  thera- 
pist-driven protocols;'  "^  and 

3.  a  growing  number  of  papers  published  in  the  peer- 
reviewed  literature  regarding  the  implementation 
and  impact  of  therapist-driven  protocols.''  '" 

The  use  of  therapist-driven  protocols  has  evolved  from 
guiding  the  performance  of  single  respiratory  care  proce- 
dures into  programs  currently  in  place  within  whicli  many 
individual  therapist-driven  protocols  are  amalgamated  to 
guide  the  performance  of  a  broad  range  of  respiratory  care 


activities.  In  these  larger  programs,  sometimes  called 
"evaluate-and-treat-programs"  or  "respiratory  therapy 
consult  services,"  respiratory  care  practitioners  assess  pa- 
tients, determine  the  specific  type  of  respiratory  care  need- 
ed based  on  explicit  indications  (eg,  AARC  Clinical 
Practice  Guidelines"  '^),  and  then  deliver  the  specific 
treatments  to  the  patients. 

Given  this  meteoric  rise  in  interest  and  use  of  therapist- 
driven  protocols,  it  is  logical  to  ask;  What  accounts  for  this 
growing  popularity  of  TDPs  in  1994?  At  least  four  forces 
cunently  on  the  health-care  scene  seem  to  explain  this 
popularity: 

1.  Misallocation  of  respiratory  care  services  (ie,  both 
over-ordering  and  under-ordering  respiratory  care) 
has  been  exposed  in  many  types  of  institutions  and 
many  different  respiratory  care  services."''*'  The 
studies  suggesting  that  respiratory  care  practitioners 
can  be  better  allocators  of  respiratory  care  services 
than  are  other  health-care  providers  have  encouraged 
implementation  of  therapist-driven  protocols. '**-' 
Thus,  therapist-driven  protocols  are  seen  as  an  excit- 
ing strategy  to  improve  the  allocation  of  respiratory 
care  services  in  this  cost-attentive  health-care  envi- 
ronment. 

2.  The  current  climate  of  hospitals  (restructuring  to 
lessen  the  cost  of  care)  inspires  creative  strategies 
for  health-care  delivery  by  allied-health  providers. 
Examples  of  novel  approaches  include  patient-fo- 
cused care  and  critical  paths.  Therapist-driven  proto- 
cols promise  to  be  a  useful  adjunct  to  patient-fo- 
cused care  becau.se  TPDs  help  define  the  need  for 
respiratory  care  services  and  organize  their  delivery 
and  because  TDPs  allocate  those  services  most  ap- 
propriately. 

3.  The  respiratory  care  community  is  seeking  belter 
ways  to  optimize  respiratory  care  practitioners"  con- 
tributions lo  patients"  well-being.  In  this  context,  the 
AARC  C"liiiical  I'laclice  Cjuidelines"  '"  ha\e  helped 
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define  the  indications  for  respiratory  care  modalities 
and  provide  the  substrate  upon  which  therapist-driv- 
en protocols  can  be  developed. 

4.  Increasing  scientific  inquiry  within  the  respiratory 
care  community  has  produced  an  increasing  number 
of  studies  regarding  the  implementation  and  efficacy 
of  therapist-driven  protocols. 

Available  data  about  the  efficacy  of  therapist-driven 
protocols  are  encouraging.  In  a  variety  of  institutions  in 
which  TDPs  have  been  implemented,  use  of  TDPs  has 
been  associated  with  better  allocation  of  respiratory  care 
services,  often  with  a  reduction  in  the  volume  and  cost  of 
delivering  them.-'"  ■"**  Furthermore,  improved  allocation  has 
been  accomplished  with  few  adverse  respiratory  events.  In 
this  context,  the  question  "Why  therapist-driven  proto- 
cols?" may  seem  rhetorical.  Certainly.  TDPs  represent  a 
promising  new  strategy  to  better  allocate  respiratory  care 
services  while  reducing  cost  and  capitalizing  upon  the  in- 
dispensable talents  of  re.spiratory  care  practitioners. 

Notwithstanding  the  current  excitement  about  therapist- 
driven  protocols,  we  should  recognize  that  as  with  patient- 
focu.sed  care  and  other  new  models  for  delivering  health 
care  by  allied  health  practitioners,  available  data  on  thera- 
pist-driven protocols  are  preliminary.  Few  controlled  stud- 
ies are  available,  and  no  randomized  trial  has  yet  been 
completed.  Furthermore,  all  of  us  in  respiratory  care  must 
be  anxious  to  avoid  repeating  the  "IPPB  phenomenon,"  in 
which  a  new  treatment  strategy  was  adopted  and  popular- 
ized prematurely,  only  to  discover  years  later  that  the  ini- 
tial impressions  about  its  efficacy  were  grossly  overstated. 
In  this  spirit  of  rigorous  study,  therapist-driven  protocols 
must  be  examined  critically  to  assure  their  ability  to  im- 
prove the  allocation  of  respiratory  care  services,  lessen 
cost,  and  prevent  adverse  respiratory  events.  Even  beyond 
the  issue  of  showing  the  efficacy  of  therapist-driven  proto- 
cols, a  fuller  understanding  of  their  impact  is  needed.  For 
example,  are  the  benefits  of  TDPs  generalizable  to  differ- 
ent types  of  health-care  institutions,  such  as  private  hospi- 
tals and  academic  teaching  institutions?  Will  therapist- 
driven  protocols  enhance  physician  trainees'  understand- 
ing of  respiratory  care  (as  hoped),  or  will  TDPs  undermine 
physicians'  education?  Can  respiratory  care  schools  re- 
vamp their  curricula  to  meet  the  significant  demands  for 
assessment  skills  in  their  graduates?  What  curricular 
changes  will  be  required?  Can  impediments  to  implement- 
ing therapist-driven  protocols  be  overcome?  Specifically, 
will  physicians  be  threatened?  Can  therapist-driven  proto- 
cols be  married  successfully  to  patient-focused  care? 
These  and  many  other  questions  should  be  answered.  In 


the  meantime,  implementation  and  study  of  therapist-driv- 
en protocols  should  proceed,  as  they  represent  the  new  di- 
rection of  respiratory  care. 
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Is  Our  Educational  System  Adequately  Preparing  Respiratory  Care 
Practitioners  for  Therapist-Driven  Protocols? 


The  advent  of  therapist-driven  protocols  (TDPs)  poses 
new  challenges  for  respiratory  care  practitioners  (RCPs) 
and  for  our  educational  system.  To  participate  in  a  thera- 
pist-driven protocol  program,  respiratory  care  practitioners 
must  have  strong  assessment  skills,  must  engage  in  critical 
thinking  to  apply  algorithms,  and  must  be  able  to  adjust 
respiratory  care  plans  to  meet  the  patient's  changing  clini- 
cal needs.  Preliminary  data  from  a  survey  of  respiratory 
care  educators,  staff,  and  students  suggest  that  perfor- 
mance with  algorithms  for  therapist-driven  protocols  is 
disappointing'-  but  that  affiliation  with  hospitals  using 
therapist-driven  protocols  enhances  practitioners"  perfor- 
mance.' These  observations  frame  the  current  challenges 
for  respiratory  therapy  educators.  How  can  we  train  respi- 
ratory therapy  students  to  perform  optimally  with  thera- 
pist-driven protocols?  Are  structural  changes  in  the  respi- 
ratory therapy  curriculum  required  to  better  prepare  stu- 
dents to  perform?  If  so,  how  can  these  structural  changes 
be  accomplished?  How  can  we  retrain  currently  practicing 
RCPs  who  find  assessment  difficult?  This  editorial  offers 
our  thoughts  and  speculations  about  these  issues. 

By  way  of  historical  perspective,  the  profession  of  res- 
piratory care  has  undergone  pendulum-like  changes  since 
the  1970s.  Early  on,  the  appeal  of  respiratory  care  as  a  ca- 
reer choice  was  enhanced  by  a  tight  economy.  Economic 
adversity  encouraged  an  influx  of  highly  trained,  ad- 
vanced-degree recipients  at  a  time  when  formal  training 
programs  for  respiratory  care  were  very  new.  As  the  reces- 
sion of  the  1970s  abated,  an  improving  economy  pulled 
applicants  away  from  respiratory  care,  and  school  curricu- 
la became  more  goal-oriented,  laden  with  specific  content 
objectives,  and  product-focused.  With  the  recent  return  of 
economic  slowdown,  applicant  pools  to  respiratory  care 
programs  have  swelled  again,  just  at  a  time  when  profes- 
sional demands  on  respiratory  care  practitioners  have 
grown,  especially  regarding  expanding  roles.  Respiratory 
care  curricula  are,  therefore,  at  a  crossroads.  A  swelling 
applicant  pool  allows  more  curriculum  creativity  at  a  time 
when  the  rigors  of  the  job  market  require  well-trained  ther- 
apists who  can  assume  roles  as  patient  assessors.  Another 
critical  influence  is  the  current  uncertainty  about  the  im- 
pact of  health-care  reform. 


How  does  one  survive  change,  and  how  should  we  pre- 
pare students  to  survive  when  the  final  form  of  our  health- 
care system  is  not  yet  known?  Who  are  the  best  survivors 
of  change? — probably  those  who  don't  resist  because  they 
know  that  change  is  inevitable,  those  who  are  willing  to 
take  risks  to  make  change  happen  and  set  the  pace  for  oth- 
ers to  follow,  and  those  who  stay  as  informed  as  possible. 
Who  won't  survive? — those  who  resist  change  and  remain 
uninformed  of  the  current  trends  in  respiratory  care  and  the 
expanding  role  of  the  RCP. 

Preparing  RCPs  for  their  new  role  presents  two  prob- 
lems. First,  how  do  you  change  an  RCP  who  finds  patient 
assessment  difficult  and  lacks  confidence  regarding  clini- 
cal decision  making?  Second,  how  does  one  prepare  stu- 
dents to  assess  patients  and  develop  appropriate  respirato- 
ry care  plans?  The  basic  solution  is  to  recruit  individuals 
who  are  born  problem-solvers,  those  with  the  enthusiasm 
and  motivation  to  position  themselves  as  an  integral  part  of 
the  health-care  team,  and  those  who  when  presented  with  a 
problem  come  up  with  not  one  but  two  or  three  possible 
solutions  and  implement  one  of  them.  Are  we  bom  this 
way,  or  do  we  acquire  this  skill  of  analytical  thinking? 

Piaget  was  an  early  explorer  of  childhood  develop- 
ment.- His  theory  was  that  all  learning  begins  in  concrete 
experience  before  progressing  to  abstract  representation. 
He  believed  that  children  do  not  receive  knowledge  pas- 
sively but  discover  and  construct  knowledge  through  ac- 
tivities. As  they  interact  with  the  environment,  they  begin 
to  form  structures  for  thought:  these  structures  help  orga- 
nize the  child's  experiences  and  direct  future  interaction. 
The  first  structures  in  infants  are  sensorimotor  (eg,  eye- 
hand  coordination).  As  the  child  grows,  more  complex 
mental  structures  are  added.  As  long  as  a  structure  works, 
it  will  guide  the  child's  behavior.  Conflicting  or  contradic- 
tory states  or  challenges  from  the  environment  create  a  dis- 
equilibrium that  forces  exchanging  old  thought  processes 
for  new  ones.  This  process  is  often  uncomfortable.  Simi- 
larly, concrete  thinkers  are  uncomfortable  with  decision 
making  and  with  the  realization  that  there  may  be  more 
than  one  solution  to  a  problem  and  that  the  problem  is  not 
clear-cut.  If  we  are  confronted  with  students  and  staff 
RCPs  who  are  concrete  thinkers  regarding  problems  they 
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encounter  in  the  health-care  environment,  we  must  ask 
ourselves  as  educators,  "How  can  we  influence  their  think- 
ing?" 

We  recently  assessed  whether  students  and  staff  RCPs 
were  prepared  to  make  decisions  on  patient  care  based  on 
patient  case  studies  and  relevant  algorithms  to  guide  treat- 
ment plans.  The  participants  were  presented  with  a  set  of 
algorithms  developed  using  the  American  Association  for 
Respiratory  Care's  Clinical  Practice  Guidelines.^ ''  All  stu- 
dent participants  were  within  2  months  of  graduation  from 
an  AMA-approved  program  for  respiratory  care.  Our  ob- 
servations suggest  that  training  at  clinical  sites  where 
TDPs  are  used  is  associated  with  greater  proficiency  in  ap- 
plying treatment  algorithms.'  Staff  RCPs  who  worked  in 
hospitals  where  TDPs  had  been  in  use  for  more  than  a  year 
scored  higher  when  compared  to  staff  in  hospitals  not 
using  TDPs.- 

Critical-thinking  and  analytical  skills  are  taught  in 
some  form  in  most  curricula.  This  teaching  may  be  as 
basic  as  the  instructor's  giving  a  case  presentation  exem- 
plifying the  problem,  the  needed  information,  and  the  solu- 
tion. A  more  advanced  approach  could  be  to  introduce  the 
student  to  a  patient  with  a  specific  problem  and  to  expect 
that  the  student  will  determine  the  cause,  collect  and  exam- 
ine additional  data,  formulate  possible  treatment  modes, 
provide  the  treatment,  assess  the  response,  and  adjust  the 
care  plan  as  a  result  of  the  assessment.  We  need  to  move 
away  from  the  "Here  are  your  objectives . . .  learn  them" 
instruction  method  to  a  total-patient  concept  of  applying 
those  objectives.  Adding  more  opportunities  to  develop 
critical-thinking  skills  may  mean  that  instructors  will  have 
to  forego  their  traditional  role  of  lecturer  and  that  students 
will  have  to  forego  their  role  of  passive  learner.  The 
AARC's  Clinical  Practice  Guidelines'"'  offer  educators  a 
model  for  RCP  education  because  they  describe  the  foun- 
dation upon  which  clinical  care  is  based.  As  educators,  we 
need  to  teach  the  Clinical  Practice  Guidelines  so  that  stu- 
dents will  develop  assessment  skills  to  apply  them. 
Educators  need  to  encourage  critical  thinking  instead  of 
rote  memorization. 

One  advantage  of  problem-based  learning  is  that  know- 
ledge is  better  remembered  in  the  context  in  which  it  is 
learned.  For  example,  if  students  are  taught  a  treatment  in 
the  framework  of  a  patient  disorder,  they  are  more  likely  to 
remember  the  treatment  when  confronted  with  the  same 
disorder  again.  Thus,  seeing  several  patients  who  present 
differently  with  the  same  disease  process  helps  students 
broaden  their  recognition  and,  therefore,  to  develop  critical 
and  analytical  skills.  However,  critical  thinking  requires  a 
willingness  on  the  part  of  the  student  to  learn.  If  the  stu- 
dents don't  willingly  participate,  they  won't  learn  the  ma- 
terial. As  educators,  we  need  to  be  open  to  student  criti- 
cism and  state  our  beliefs  on  a  subject,  acknowledging  that 


our  solution  is  not  the  only  possibility.  This  approach  gives 
the  student  the  chance  to  perceive  us  as  truly  objective  and 
to  begin  to  perceive  knowledge  not  as  hard  and  fast  truth, 
but  as  a  critical  approach  to  a  body  of  information.  As  edu- 
cators, we  cannot  be  "black-or-white,"  "yes-or-no"  indi- 
viduals. 

Educational  institutions  may  benefit  from  incorporating 
the  Clinical  Practice  Guidelines  and  algorithms  into  curric- 
ula, thereby  providing  the  students  with  many  opportuni- 
ties to  develop  patient  care  plans  and  to  assess  the  patient's 
response  to  the  treatment.  Requiring  that  students  demon- 
strate proficiency  in  developing  an  appropriate  care  plan 
seems  advisable.  In  the  hospital  setting,  we  have  found 
that  daily  consult  rounds  help  to  encourage  the  discussion 
of  care  plans  that  have  already  been  implemented.  During 
this  exercise,  therapists  are  often  required  to  defend  their 
care  plans,  which  helps  to  encourage  open  discussion  and 
expose  different  approaches  to  the  care  of  a  single  patient. 
Perhaps  by  meeting  the  challenge  of  a  new  way  of  think- 
ing, we  will  begin  to  realize  that  our  students  are  not  really 
fixed,  concrete,  and  unimaginative  thinkers,  but  rather  vic- 
tims who  have  had  their  imagination  suppressed  by  aca- 
demic environments  that  foster  content  learning  at  the  ex- 
pense of  expansive  thinking. 
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Research  on  Resuscitation  by  RCPs  Is  Long  Overdue 


In  this  issue  of  RESPIRATORY  Care,  a  report  on  37  sim- 
ulated cardiac  arrests  (SCAs)  is  presented.'  Studies  such  as 
this  one  should  stimulate  more  research  by  respiratory  care 
practitioners  (RCPs)  on  the  quality  of  resuscitation  in 
acute-care  hospitals.  The  cardiac-arrest  teams  in  most  hos- 
pitals include  at  least  one  respiratory  care  practitioner  who 
responds  to  in-hospital  resuscitations,  and  who  functions 
as  a  primary  member  of  that  team.  However,  questions  re- 
main— How  effective  is  the  RCP's  performance  during  re- 
suscitations? Are  RCPs  qualified  to  assume  this  responsi- 
bility by  virtue  of  their  training?  Should  RCPs  who  carry 
the  code  beeper  maintain  current  training  in  advanced  car- 
diac life  support  (ACLS)? 

The  leadership  and  responsibility  assumed  by  the  RCP 
on  the  code  team  varies  among  and  within  hospitals.  The 
study  by  Palmisano  et  al'  reports  that  RCPs  in  their  facility 
had  a  median  response  time  (from  activation  of  the  SCA) 
of  3.2  minutes;  yet,  endotracheal  intubation  was  not  ac- 
complished until  6.0  minutes  had  passed.  Thalman  and  co- 
workers- from  the  Respiratory  Care  Department  at  Duke 
University  Medical  Center  have  demonstrated  that  RCPs 
can  perform  emergency  endotracheal  intubations  with  a 
success  rate  comparable  to  that  of  paramedics.  The  recent- 
ly published  AARC  Clinical  Practice  Guideline  for  resus- 
citation in  acute-care  hospitals'  lists  endotracheal  intuba- 
tion and  many  other  tasks  requiring  advanced  training  as  a 
responsibility  of  Level  II  personnel  (RRTs,  MDs,  RNs). 

A  question  that  begs  a  more  definitive  answer  is — Does 
the  interdisciplinary  cross-training  of  cardiac-arrest  team 
members  using  American  Heart  Association  (AHA)  ACLS 
Provider  courses  allow  performance  of  tasks  normally 
done  by  other  members  of  the  team  in  their  absence — ie, 
cross-performance?  It  is  our  opinion  that  RCPs  should  as- 
sume five  critical  tasks  when  they  are  the  best  trained  re- 
spondcrs  at  the  scene: 

•  emergency  airway  management  consisting  of  manu- 
al ventilation,  oxygen  administration,  and  tracheal 
intubation; 

•  counlershock  of  ventricular  fibrillation  or  pulseless 
ventricular  tachycardia  with  manual  or  .semi-auto- 
malic  ilcfibrillators; 


•  chest  compressions; 

•  tracheal  instillation  of  cardiac  drugs  (ie,  epinephrine, 
lidocaine,  atropine)  before  an  I.V.  line  is  established; 
and 

•  arterial  blood  gas  and  pH  determinations. 

We  believe  that  because  RCPs  are  primary  responders 
to  in-hospital  resuscitations  they  have  an  unique  opportu- 
nity to  study  and  improve  several  aspects  of  resuscitation- 
team  performance.  The  evidence  that  early  defibrillation  to 
reverse  ventricular  fibrillation  ( VF)  and  pulseless  ventricu- 
lar tachycardia  (VT)  improves  outcome  has  resulted  in  an 
AHA  recommendation  that  three  consecutive  counter- 
shocks  be  delivered  at  the  beginning  of  the  resuscitation — 
before  other  measures  are  undertaken."*  The  next  critical 
step  in  the  VF-pulseless  VT  algorithm  is  translaryngeal  in- 
tubation. The  need  for  these  critical  early  interventions  un- 
derscores the  utility  of  cross-  training  of  the  resuscitation 
team  members  through  ACLS  courses.  RCPs  with  current 
ACLS  provider  cards  have  demonstrated  their  ability  to 
deliver  three  countershocks  for  VF  and  pulseless  VT  and 
also  their  skill  with  advanced  airway  management,  emer- 
gency tracheal  intubation,  and  tracheal  instillation  of  car- 
diac drugs. 

A  study  by  Batenhorst  et  al'"  evaluated  516  cardiopul- 
monary resuscitation  events  and  found  no  correlation  be- 
tween time  of  day  and  arrest  incidence.  Based  on  these 
data,  we  believe  that  24-hour  staffing  for  resuscitation 
teams  is  critical.  Recently,  Birnbaum  and  his  colleagues" 
documented  a  clear  need  for  ACLS  training  in  small  rural 
community  hospitals  where  experience  in  managing  pa- 
tients with  ischemic  heart  disease  was  meager  compared  to 
that  of  large,  tertiary  centers.  Eliadi  and  co-workers'  using 
a  mock-code  program  identified  deficiencies  in  code-cart 
equipment  and  supplies,  team  members"  response  and 
communication,  and  performance  in  areas  other  than  ICUs 
(eg,  radiology,  clinics).  Poor  performance  was  related  to 
unfamiliarity  with  ACLS  protocols,  standard  resuscitation 
equipment,  and  code-cart  organization. 

In  the  SCA  study  by  Palmisano  et  al,'  a  major  concern 
is  the  dclav  of  more  than  2  minutes  (while  awaiting  the  ar- 
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rival  of  the  resuscitation  team)  before  supplemental  oxy- 
gen was  administered.  A  similar  observation  was  made  by 
Sullivan  and  Guyatt**  in  their  study  using  SCAs.  The 
American  Heart  Association's  Emergency  Cardiac  Care- 
Basic  Life  Support  Subcommittee  has  established  that 
oxygen  should  be  administered  by  first  responders  and  rec- 
ommends that  mouth-to-mask  devices  that  have  oxygen 
inlet  ports  be  available.  The  AHA  has  only  recently  issued 
its  recominendation  that  the  administration  of  oxygen  by 
first  responders  be  emphasized  in  all  basic  life  suppport 
courses  taught  to  health-care  providers.' 

Table  1 .      Topics  of  Investigation  for  Respiratory  Care  Practitioners 
Who  Participate  in  Resuscitations 

Clinical  Concerns 

How  important  is  it  that  an  endotracheal  tube  he  placed  early  in  the 

resuscitation? 
What  is  the  delay  in  administering  supplemental  oxygen? 
What  is  the  measured  tidal  volume,  Fio:.  and  minute  volume  during 

bag-to-mask  ventilation  administered  during  resuscitation,  and  do 

they  affect  patient  outcome? 
What  is  the  optimal  oxygen  flow  with  mouth-to-mask  ventilation? 

Equipment  Concerns 

What  percent  of  hospitals/bed  spaces  is  equipped  w  ith  mouth-to- 
mask  devices  with  O:  inlets? 

Are  the  adjunctive  parts  of  airway  equipment  (eg.  connecting  tubing, 
flowmeter,  and  oxygen)  available? 

How  long  does  it  take  for  the  code  cart  and  defibrillator  to  arrive,  and 
does  this  relate  to  patient  outcome? 

Personnel  Concerns 

Are  RCPs  universally  available  for  resuscitations? 

What  special  training,  experience,  education,  or  credential  is  required 
for  an  RCP  who  carries  the  code  beeper? 

What  is  the  minimum  allowable  time  for  the  RCP  to  arrive  at  a  car- 
diac arrest? 

Should  the  RCP  wait  for  an  anesthesiologist  or  perform  emergency 
endotracheal  intubation? 

With  what  frequency  do  RCPs  deliver  countershock  for  ventricular 
fibrillation  or  pulseless  ventricular  tachycardia? 

Are  SCAs  a  valid  surrogate  for  measuring  resuscitation-team  perfor- 
mance? 


Much  research  is  needed  on  the  topic  of  in-hospital  re- 
suscitation. Improvement  of  performance  and  documenta- 
tion of  patient  outcomes  are  essential.  Table  1  lists  some 
questions  that  RCPs  who  participate  in  resuscitations 
could  reasonably  be  expected  to  research,  and  Table  2  lists 
some  of  the  information  that  we  believe  should  be  collect- 
ed from  each  resuscitation  performed  and  entered  into  a 
computerized  database  to  help  answer  those  questions. 


Table  2.      Essential   Information   for  a  Computerized  Database  on 
Cardiopulmonary  Resuscitation  Performance 

Institutional  Data 

Trauma  designation 

Number  of  total  beds,  ICU  beds,  and  admissions/year 
Respiratory  Care  Department — ventilator  days/year,  FTEs,  staff 
credentials,  and  level  of  post-secondary  education 

Patient  Data 

Medical  history 
Personal  demographics 
Details  of  current  illness 

Resuscitation  Data 

Location/unit  of  occurrence 

Elapsed  time  from  the  emergency  call  to  the  arrival  of  resuscitation 
team  members 

Quality  of  airway  management  initiated  by  the  RCP  at  the  resuscita- 
tion scene  and  elapsed  time  until  successful  intubation  of  the  pa- 
tient's trachea 

Credentials  (ACLS,  BLS)  and  skills  (certified  to  intubate,  defibrillate, 
or  medicate)  of  resuscitation  team  members 

Availability  or  arrival  time  of  adjunct  airway  equipment 
(intubation  &  suction  equipment) 

Endotracheal  intubation  failures — misplacement  (esophageal),  equip- 
ment malfunction,  visualization  difficulties 

Drug  administration  by  tracheal  instillation — drug  name,  dose,  tim- 
ing, and  credential  of  administrant 

Arterial  blood  and  pH  determinations — number,  timing,  and  creden- 
tials of  personnel  involved 

Elapsed  time  from  arterial  sampling  to  arrival  of  ABG  reports 


Can  ACLS  training  of  RCPs  improve  the  morbidity  and 
mortality  of  patients  who  are  resu.scitated  in  acute-care 
hospitals'?  Birnbaum  et  al'"  reported  that  ACLS  training 
for  3  hours/week  over  12  weeks  in  7  small  rural  hospitals 
improved  mortality  rates  from  ischemic  heail  disease  from 
17.4%  in  the  year  before  training  to  13,1%  after  training. 
He  also  reported  that  6  respiratory  therapists  improved 
their  precourse  knowledge  of  ACLS  by  45%  upon  comple- 
tion of  the  12-week  course.  These  data  imply  that  ACLS- 
trained  RCPs  can  make  a  difference  in  patient  outcome, 
but  prospective  controlled  data  are  needed  to  confirin  this. 

In  summary,  RCPs  with  ACLS  training  are  in  a  prime 
position  to  assume  more  responsibility  during  cardiopul- 
monary resuscitation  within  acute  care  facilities.  They 
should  be  prominent  members  of  the  'code  team' — con- 
cerned with  the  entire  team's  peiformance — and  be  active- 
ly involved  in  ACLS  training.  The  first  step  in  attaining 
that  goal  is  to  study  the  current  levels  of  RCP  competence 
in  ACLS.  We  commend  Palmisano  et  al  for  their  use  of 
SCAs  to  assess  the  performance  of  their  hospital's  resusci- 
tation effort  and  hope  that  their  work  will  stimulate  others 
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to  collect  and  report  their  data  on  performance  of  in-hospi- 
tal  cardiopulmonary  resuscitation. 
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Benefits  Associated  with  a  Respiratory  Care  Assessment-Treatment 
Program:  Results  of  a  Pilot  Study 

Kevin  L  Shrake  MA  RRT,  John  E  Scaggs  BS  RRT,  Kevin  R  England  BA,  Joseph  Q  Henkle  MD, 

and  Lanie  E  Eagleton  MD 

BACKGROUND:  During  the  months  of  July,  August,  and  September  1993,  we  im- 
plemented a  respiratory  care  assessment-treatment  pilot  study  on  the  orthopedic 
surgery  floor  in  our  hospital.  The  purpose  of  the  study  was  to  determine  feasibility 
and  establish  cost-effective  treatment  plans  with  quality  patient  outcomes,  while 
maintaining  appropriate  communications  with  physicians  and  nursing  staff. 
STUDY  DEVELOPMENT  &  IMPLEMENTATION:  The  study's  Task  Force  de- 
veloped protocols  for  oxygen  therapy,  aerosolized  medication  therapy,  volume  ex- 
pansion therapy,  and  bronchial  hygiene  therapy  using  the  American  Association 
for  Respiratory  Care's  Clinical  Practice  Guidelines  as  supporting  documents. 
Meetings  were  held  with  the  orthopedic  surgeons  and  nursing  staff  to  inform  them 
of  the  key  components  of  the  pilot  program.  Ten  patient  evaluators  were  trained  to 
assess  patients  and  implement  treatment  plans.  EVALUATION  METHODS:  A  ref- 
erence book  was  established  that  contained  the  protocols  and  support  material. 
Patient  outcomes  were  evaluated  using  previously  established  quality  assurance 
plans.  The  length  of  stay,  procedural  volume,  and  cost  data  were  collected.  EVALU- 
ATION RESULTS:  More  than  50%  of  the  orders  received  during  the  pilot  pro- 
gram were  for  "Respiratory  Care  Protocol."  This  allowed  the  patient  care  evalua- 
tor  the  flexibility  to  initiate  one  of  the  approved  protocols  if  indicated.  No  changes 
in  patient  outcomes  were  noted  and  average  length  of  stay  remained  unchanged 
during  the  pilot  study  compared  to  the  base  period.  Treatment  volumes  decreased, 
resulting  in  identified  cost  savings  of  $5,318  during  the  study.  Nurses  and  physi- 
cians supported  protocol  implementation,  and  increased  communication  among 
caregivers  was  documented.  We  believe  that  professionalism  of  the  RCPs  was  en- 
hanced without  compromising  the  ultimate  decision-making  responsibilities  of  the 
physician.  CONCLUSIONS:  The  use  of  respiratory  care  protocols  is  an  acceptable 
method  of  developing  clinically  effective  and  fiscally  responsible  care  plans.  RCPs 
at  our  hospital  were  able  to  implement  care  plans  that  resulted  in  cost  savings  with- 
out a  measured  change  in  patient  outcomes.  Approval  has  been  extended  from  the 
Executive  Committee  of  the  medical  staff  to  expand  hospital-wide.  [Respir  Care 
1994;39(7):715-724,] 


Mr  Shrake  is  Administrative  Director.  Cardio-Pulmonary  Services,  Mr 
Scaggs  is  Assistant  Evening  Shift  Supervisor,  Cardio-Pulmonary 
Services,  and  Mr  England  is  Director,  Clinical  Resource  Management — 
Memorial  Medical  Center,  Springfield,  Illinois.  Dr  Henkle  is  Associate 
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Background 

A  respiratory  care  evaluation  system  was  established  in 
our  560-bed,  university-affiliated  teaching  hospital  in 
1978  to  enhance  the  evaluation  skills  of  our  practitioners 
and  control  utilization  of  services.'  The  primary  motiva- 
tion for  the  program  at  that  time  was  to  ensure  the  delivery 
of  all  ordered  therapy  during  the  chronic  personnel  short- 
ages that  characterized  the  1970s,  Other  institutions  have 


RESPIRATORY  CARE  •  JULY  '94  Vol  39  No  7 


715 


BENEFITS  ASSOCIATED  WITH  AN  ASSESSMENT-TREATMENT  PROGRAM 


documented  the  establishment  of  similar  programs  and 
have  reported  success.-  ■• 

In  1984,  the  Medicare  Prospective  Payment  System 
(PPS)-''  established  for  the  first  time  a  true  financial  incen- 
tive for  such  programs.  Respiratory  care  departments  be- 
came cost  centers  (as  opposed  to  being  revenue  centers) 
for  all  patients  on  fixed  payment.  Our  1978  system  was  ef- 
fective in  achieving  its  goals,  but  it  was  labor  intensive  and 
had  limited  flexibility.  We  sought  additional  practitioner 
decision-making  authority  to  achieve  the  cost  savings  and 
timely  treatment  plans  needed  for  the  increased  number  of 
fixed-payment  and  managed-care  patients  treated  during 
the  1990s. 

Appropriate  utilization  of  hospital  resources  is  an  es- 
sential part  of  controlling  costs  and  is  congruent  with  an- 
ticipated health-care  reform  proposals.  Patient  assessment- 
treatment  programs  can  result  in  cost  savings  either  by 
eliminating  unnecessary  care  or  by  decreasing  length  of 
stay  through  appropriate  treatmenf*'"  and  can  be  imple- 
mented without  adverse  changes  in  clinical  outcome.''" 

During  July,  August,  and  September  1993,  a  pilot  respi- 
ratory care  assessment-treatment  program  was  implement- 
ed on  the  orthopedic  surgery  floor  (OSF)  in  our  institution. 
The  goals  of  this  program  were  to  establish  cost-effective 
treatment  plans  with  equal  or  improved  quality  of  patient 
care  as  compared  to  that  obtained  during  a  base  period.  In 
addition,  we  wanted  to  improve  the  communications  with 
physicians  and  nurses  as  evaluated  by  a  current  versus 
base-period  comparison  of  the  methods  and  frequency  of 
case-management-related  contacts.  The  OSF  was  selected 
because  of  the  willingness  of  the  medical  leadership  on 


that  unit  to  evaluate  current  treatment  plans  and  identify 
opportunities  for  cost  reduction. 

Similar  assessment-treatment  programs  have  been  re- 
ported with  long-term  success.*  *  Our  plan  was  to  deter- 
mine the  effectiveness  of  such  a  process  on  a  pilot  unit  in 
our  hospital.  During  the  pilot  study,  we  would  collect  data, 
gain  experience  and  establish  methods,  and  refine  the  pro- 
gram as  results  dictated.  If  the  overall  results  proved  favor- 
able, we  would  expand  the  system  hospital-wide. 

Study  Development  &  Implementation 

Plan  for  Development 

The  first  step  in  initiating  the  patient  assessment-treat- 
ment program  was  to  establish  a  plan  for  development. 
Figure  1  details  that  plan. 

Task  Force  Selection 

A  task  force,  chaired  by  the  Administrative  Director 
and  including  the  Technical  Director,  a  registered  nurse- 
registered  therapist  from  the  Pulmonary  Rehabilitation 
Unit,  an  instructor  from  the  school  of  respiratory  therapy, 
and  three  experienced  staff  respiratory  therapists,  was  se- 
lected to  develop  respiratory  care  protocols. 

Protocol  Development 

Prior  to  the  first  meeting  of  the  Task  Force,  the  Medical 
Director  for  Cardio-Pulmonary  Services  reviewed  an  out- 
line of  the  proposed  protocol  process.  We  believed  that  an 


Results  of  the  Pilots 
Calculated  and 
Disseminated 


The 
.  Program  is 
Refined  or       "**  Task  Force  Members 
Expanded  Selected 

Include  a  cross  section  of 
expenise.  ^^ 


Pilot  Project  Begins 

Collect  data  on  cost,  quality 

assurance,  adverse  events,  and 

communications. 


Task  Force  and  Medical 
Director  Meet  to  Organize 


Fig.  1.  This  diagram  shows  our  "12-step 
program"  for  successful  implementation  of 
a  respiratory  therapist  assess-and-treat 
protocol. 
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important  first  step  was  to  obtain  approval  for  a  basic 
structure  within  which  the  Task.  Force  would  work.  The 
first  meeting  was  devoted  to  a  review  of  the  literature  to 
determine  what  help  was  available  for  protocol  develop- 
ment. The  Clinical  Practice  Guidelines  developed  by  the 
American  Association  for  Respiratory  Care  (AARC)  pro- 
vided support  documents  for  the  development  of  our  hos- 
pital-specific protocols.""  We  established  protocols  for 
oxygen  therapy,  aerosolized  medication  therapy,  volume 
expansion  therapy,  and  bronchial  hygiene  therapy. 
Members  of  the  Task  Force  used  summary  documents"''' 
and  associated  primary  references  to  write  rough  drafts  for 
group  review.  In  addition,  a  patient-assessment  form  was 
developed  as  a  part  of  each  protocol  as  shown  in  the  exam- 
ple in  Figure  2. 

Our  Medical  Director  and  his  senior  partner  reviewed 
the  drafts  and  offered  suggestions.  The  most  helpful  bit  of 
advice  was  that  the  draft  protocols  were  too  detailed  to  use 
to  'sell"  the  concept  to  physicians.  We  needed  a  more  suc- 
cinct set  of  documents  that  included  primarily  indications, 
therapeutic  objectives,  outcome  criteria,  and  standard 
treatment  formats.  An  example  of  our  protocol  for  aero- 
solized medication  therapy  (as  it  was  ultimately  adopted) 
is  shown  in  Figure  3.  We  decided  to  keep  the  longer  ver- 
sions of  our  protocols  (including  such  things  as  contraindi- 
cations, documentation,  and  when  to  make  physician  con- 
tacts) as  training  documents  for  our  evaluators. 

Staff  Preparation 

Once  the  protocols  had  been  developed  and  approved 
by  our  Medical  Director,  the  Task  Force  moved  to  fashion 
a  pilot  project  that  would  allow  us  to  gain  experience,  re- 
fine procedures,  and  collect  the  data  necessary  for  process 
evaluation  and  ultimate  acceptance  or  rejection  of  the  pro- 
cess. The  OSF  was  proposed  due  to  its  moderate  size  and 
defined  group  of  physicians  and  residents  caring  for  pa- 
tients. Members  of  the  Task  Force  also  believed  that  some 
opportunities  existed  for  decreases  in  therapy  utilization  in 
this  group  of  patients.  Our  Medical  Director  met  with  the 
Administrative  Director  and  the  key  medical  leadership  on 
the  OSF  to  propose  a  3-month  pilot  study.  The  Admini- 
strative Director  also  met  with  the  Nurse  Manager  of  the 
unit  to  explain  the  concept.  After  receiving  initial  approval 
from  these  individuals,  we  were  invited  to  attend  their  re- 
spective staff  meetings  for  final  approval. 

Patient  Evaluators 

Once  the  pilot  study  had  been  approved,  members  of 
the  Task  Force  selected  and  trained  10  patient  evaluators 
in  protocol  use.  This  allowed  for  24  hour/day,  7  day/week 
coverage  for  the  anticipated  work  load  of  100  patients/ 


month.  The  training  time  entailed  a  review  of  patient-as- 
sessment skills  and  familiarity  with  the  protocols  and  the 
required  documentation  and  communication  with  the  nurs- 
es and  physicians.  Test  patients  were  selected  prior  to  the 
implementation  of  the  study  to  provide  experience.  The 
initiation  date  was  established  to  coincide  with  the  start  of 
a  new  OSF  resident  rotation. 

Evaluation  Methods 

Evaluation  Period 

We  chose  to  compare  our  pilot  data  to  the  6  months  of 
October  1992  through  March  1993  rather  than  to  the  3 
months  of  July  through  September  of  1992.  The  Clinical 
Resource  Management  Department  had  been  sharing 
length-of-stay  and  cost  information  with  the  orthopedic 
surgeons  for  more  than  1  year  prior  to  our  pilot  program. 
This  had  already  resulted  in  decreases  in  respiratory  thera- 
py utilization.  Comparing  the  results  of  our  pilot  study 
with  the  same  months  of  the  previous  year  would  have 
shown  a  more  dramatic  cost  savings,  part  of  which  would 
not  have  been  specifically  related  to  the  protocol  process. 
This  decision  had  potential  limitations  by  not  allowing  for 
natural  seasonal  variations  in  work  load  that  sometimes 
occur  during  different  time  periods.  However,  the  number 
of  patients  seen  per  month  during  the  study  was  nearly 
identical  to  the  number  seen  in  the  selected  base  period. 
Therefore,  any  changes  in  utilization  could  be  attributed 
primarily  to  the  pilot  study  interventions.  We  chose  a  3- 
month  buffer  between  the  base  period  and  the  pilot  period 
in  an  attempt  to  make  results  more  meaningful  because  we 
had  observed  that  simply  talking  about  the  proposed  study 
prior  to  implementation  had  altered  the  practice  patterns  of 
some  physicians.  We  believe  that  providing  the  buffer  al- 
lowed for  more  accurate  assessment  of  the  impact  of  the 
protocol  process. 

Record  Review 

Physician  orders  and  assessment  sheets  for  each  proto- 
col patient  were  reviewed.  The  assessment  sheets,  a  ques- 
tion-comment log,  copies  of  protocols,  and  support  materi- 
als were  kept  in  a  centrally  located  reference  book.  Data 
from  these  records  were  presented  to  the  medical  leader- 
ship on  the  OSF  on  a  weekly  basis  for  1  month  and  then 
monthly  during  the  last  2  months  of  the  project.  This 
equipped  them  to  report  to  their  fellow  orthopedic  sur- 
geons during  staff  meetings  and  offer  opinions  and  advice 
to  the  Respiratory  Care  Department  regarding  changes. 
There  were  also  daily  communications  with  the  resident 
physicians  and  nursing  staff.  These  discussions  (docu- 
mented in  the  question-comment  log)  provided  for  infor- 
mation exchange  and  general  debate  about  treatment  plans. 
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MEMORIAL  MEDICAL  CENTER  -  PULMONARY  MEDICINE 
EVALUATION/TREATMENT  RECORD 


ADDRESSOGRAPH 


VITALS 

BREATH  SOUNDS 

/ 

X-RAY 

/ 

Respiratory  Rate 

Clear 
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Heart  Rate 

Wheeze 
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Infiltrates  Bilateral 

Oximetry  Room  Air 
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Pleural  Effusion 

Oximetry  O2 

Stridor 

Pulmonary  Edema 

H&H 

Absent 

Hypennflated 

Height  &  Weight 

CONDITIONAL  DATA      / 


OXYGEN  THERAPY         Lt./Fio, 


/    FREO^     IVIEDICATION 


Ambulatory 

No  Supplemental  O2 

Therapy  Standby  O2 

0 

Saline  0.9% 

A 

Non-Ambulatory 

Overnight  Cannula 

IPPB  MP/I^/BS/NC         1 

Saline  0.45% 

B 

Alert 
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Deep  Breath  &  Cough 

2 

H/letaproterenol 

C 

Oriented 

Ventun  Mask 

Incentive  Instruct. 

3 

Isoetharine 

D 

General  Surgery 

Partial  Rebreather 

Incentive  Therapy 

4 

Albuterol 

E 

Smoking  <  1  PPD 

Non-Rebreather 

Nebulizer  M/IVIP 

5 

Racemic  Ep. 

F 

Smoking  >  1  PPD 

TAG/AG 

CPT/PD 

6 

Hyp  -  ton  Sal. 

G 

Oximetry 

7 

H 

8 

1 

Tlt^ES 
SIGNATURE 


PULSE      VOL7RR 


SPUTUItfl:  AMT/ 
COLOR/CONSIS 


RXS 
GIVEN 


BREATH 
SOUNDS 


ADDITIONAL 
COIVIMENTS 


TREATIVIENT  DIAGNOSIS: 


ORDERED  BY  DR    

ORIGINAL  ORDER  DATE: 

GENERIC  PROTOCOL 

SPECIFIC  PROTOCOL 


Fig.  2.  This  is  an  example  of  the  combined  patient  assessment/treatment  sheet  used  for  respiratory  care  protocol  patients.  Assessment  and 
treatment  were  combined  on  one  sheet  to  simplify  papenwork.  It  is  provided  as  a  3-pan  form  to  provide  a  chart  copy,  billing  copy,  and  patient 
follow-up  copy. 
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PULMONARY  MEDICINE  Index  # 

ASSESSMENT  &  TREATMENT  PROTOCOL  Effective  Date Review  Date 

AEROSOLIZED  MEDICATION  THERAPY  PROTOCOL 

PURPOSE;  To  administer  aerosolized  medication  by  the  appropriate  delivery  system. 

THERAPEUTIC  OBJECTIVES: 

A.  Improve  pulmonary  airflow 

B.  Improve  sputum  clearance 

C.  Relieve  or  prevent  dyspnea 

D.  Improve  oxygenation  and/or  carbon  dioxide  elimination 

E.  To  relieve  airway  edema 

INDICATIONS: 

A.  Wheezing 

B.  Impaired  clearance  of  secretions  from  the  lungs 

C-  Tracheobronchial  mucosal  congestion  and  laryngeal  stridor 

CRITERIA  FOR  METHOD  OF  DELIVERY: 

A.  IPPB  is  indicated  if: 

1 .  Ventilation  is  inadequate  as  in  neuromuscular  disease,  kyphoscoliosis,  or  when  vital  capacity  is  <  30%  of  predicted. 

2.  Refractory  atelectasis  has  developed. 

B.  Metered  Dose  Inhaler  (MDI)  with  spacer  (eg,  Aerochamber)  is  indicated  if: 

1 .  Medication(s)  available  in  this  delivery  method 

2.  Patient  is  alert/cooperative 

3.  Able  to  perform  3  second  breath  hold 

4.  Patient  has  demonstrated  ability  to  use  MDI  effectively 

C.  Small  Volume,  Hand-Held  Nebulizer  (HHN)  is  indicated  if: 

1 .  Medication  is  not  available  in  MDI  form 

2.  Ventilation  is  not  adequate 

3.  Patient  demonstrates  inability  to  use  MDI  effectively 

STANDARD  PROTOCOL: 

A  beta  agonist  will  be  used  QID  &  PRN  as  the  standard  for  bronchodilator  therapy.  The  current  drug  utilized  is  Ventolin  1/2  cc  diluted  with 
normal  saline  for  IPPB  and  HHN  or  3-4  puffs  by  MDI,  Atrovent  solution  2.5  cc  may  be  added  in  COPD  patients  for  maximum  bronchodilator 
effect. 

NOTE:  If  the  Respiratory  Care  Practitioner  believes  that  the  patient  may  benefit  from  vasoconstrictors  such  as  Vaponephnne,  an  anti-inflam- 
matory agent  such  as  Intal,  or  a  mucolytic  such  as  Mucomyst,  a  physician  contact  will  be  made. 

OUTCOME  CRITERIA: 

A.  Guidelines/Warnings:  Evaluate  patient's  clinical  status  for  changes  that  indicate  a  need  for  change  in  the  treatment  plan  such  as: 

1 .  A  pulse  greater  than  120  bpm,  or  if  a  pulse  increase  of  20  bpm  occurs  within  30  minutes  of  discontinuing  therapy 

2.  Significant  worsening  of  dyspnea  or  wheezing  occurring  during  or  within  30  minutes  of  discontinuing  therapy 

3.  Worsening  of  patient's  sensorium  (eg,  patient  becomes  confused  or  obtunded  and  unable  to  follow  directions) 

4.  Worsening  of  patient's  chest  x-ray 

5.  Change  in  sputum  (eg,  increased  pulmonary  infiltrate,  which  might  indicate  need  for  volume  expansion  therapy) 

6.  Patient  has  difficulty  coughing  up  secretions,  which  might  indicate  need  for  acetylcysteine  and/or  bronchial-hygiene  therapy 

B.  Measurement  of  spirometry  or  peak  flow  may  be  indicated  in  select  patients. 

C.  In  select  patients,  after  initial  instruction,  MDI  therapy  may  be  self-administered  by  the  patient  under  supervision  of  the  nursing  staff. 

D.  Aerosol  therapy  frequency  may  be  tapered  as  symptoms/indications  diminish. 

E.  Aerosolized  medication(s)  may  be  discontinued  when  goals  have  been  met  and  patient  has  been  symptom  free  for  24  hours. 


Fig.  3.  This  is  an  example  of  the  protocol  for  aerosolized  medication  therapy  utilized  in  our  patient  assessment/treatment  program.  All  proto- 
cols are  physician  approved  and  are  reviewed  and  revised  every  6  months. 
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Quality  Assurance  Data 

Quality  assurance  data  were  evaluated  by  physicians 
during  mortality  and  morbidity  conferences.  The  number 
of  deaths  and  pulmonary  complications  on  the  OSF  during 
the  pilot  study  were  compared  to  a  6-month  base  period.  In 
addition,  the  hospital's  Quality  Assurance  Department 
continued  to  do  routine  chart  review  of  selected  patients  on 
the  OSF. 

Clinical  Resource  Management  Data 

The  Clinical  Resource  Management  Department  of  the 
hospital  provided  assistance  in  collecting  length-of-stay, 
procedural  volume,  and  cost  information  on  all  patients 
during  the  pilot  study  compared  to  the  6-month  base  peri- 
od. We  were  able  to  compare  changes  in  these  three  cate- 
gories and  quantitate  their  impact  on  our  protocol  system. 

Evaluation  Results 

Participation  in  Protocol 

Three  hundred  and  three  (303)  patients  were  evaluated 
during  the  3-month  pilot  program  for  needs  ranging  from 
short-term  oxygen  therapy  to  more  complex  situations  re- 
quiring bronchodilator  therapy,  sleep  apnea  monitoring, 
and  pulmonary  rehabilitation.  More  than  50%  of  the  orders 
received  were  for  "Respiratory  Care  Protocol."  Table  1 
summarizes  the  breakdown  of  the  therapy  administered. 

Tabic  1 .      Respiratory  Care  Delivered  via  Protocol*  during  the  3-Month 
Pilot  Study 


Type  of  Therapy  Administered 


Number  of  Patients 


Incentive  spirometry  instruction 
Deep  breathing-cough  instruction 
Bronchodilator  therapy-small  volume  nebulizer 
Volume-oriented  IPPB 
Pulmonary  rehabilitation  relerrul 


"All  palicnts  receiving  oxygen  therapy  were  weaned  aeeurding  to  prni 


Cost  Reductions 

During  the  pilot  study.  59  patients  received  incentive 
spirometry  instruction  followed  by  nursing-encouraged 
sclf-adininistration.  Prior  to  institution  of  the  pilot  proto- 
col, these  patients  would  have  incuiied  the  cost  of  twice- 
daily  therapy  for  2  days.  Supervised  deep  breathing  and 
cough  instruction  were  provided  to  84  patients  at  no 
charge.  All  of  these  patients  would  have  received  incentive 
spirometry  twice  daily  for  2  days,  prior  to  the  pilot  project. 
Only  22  patients  received  bronchodilator  by  sinall-volume 
Mchtili/alioii. 


The  remaining  orders  were  for  specific  therapeutic 
modalities.  When  these  specific  orders  were  received,  a 
patient-care  evaluator  assessed  the  patient's  clinical  status 
versus  the  indications  for  the  ordered  therapy  as  listed  in 
our  protocols.  If  the  patient  met  the  criteria  for  the  therapy, 
it  was  initiated  according  to  protocol.  If  there  were  no  ap- 
parent indications  for  therapy,  the  evaluator  contacted  the 
ordering  physician  to  discuss  the  intent  of  the  order.  Table 
2  provides  a  breakdown  of  what  was  administered  in  this 
group.  Eighteen  patients  for  whom  therapy  had  been  or- 
dered (16  incentive  spirometry,  2  small-volume  nebulizer) 
did  not  receive  therapy  as  a  result  of  the  RCP's  evaluation. 
Once  again,  all  78  patients  who  did  receive  incentive 
spirometry  instruction  would  have  incurred  the  additional 
cost  of  twice-daily  therapy  for  2  days,  prior  to  institution 
of  the  protocol. 

Table  2.      Specific  Requests*  for  Respiratory  Care  (Other  Than  by  Pro- 
tocol) Ordered  during  the  3-Month  Pilot  Study 


Number  of 

Number 

Type  of  Therapy 

Orders 

Not  Started 

Incentive  spirometry  instruction 

78 

16 

Bronchodilator  therapy — small- 

volume  nebulizer 

11 

2 

Apnea  monitor 

weaned  i 

2 

lecording  lo  prolocol. 

0 

*AII  palicnts  receiving  oxygen  Iherapy  were 

Quality  Assurance  Results 

The  Quality  Assurance  Department  performed  a  retro- 
spective chart  review  to  evaluate  the  incidence  of  pul- 
iTionary  complications  among  patients  in  our  pilot  project. 
Their  review  confirmed  only  one  patient  with  a  pulinonary 
complication — an  82-year-old  woman  who  developed 
multiple  medical  probleins  postoperatively.  The  patient 
was  made  a  "no  stat  code"  (ie,  do  not  resuscitate)  with 
comfort  measures  only,  in  accordance  with  her  family's  re- 
quest. The  patient  expired  and  the  autopsy  cause  of  death 
was  listed  as  pneumonia.  The  Quality  Assurance  De- 
partment believed  that  this  patient  would  have  done  poorly 
regardless  of  the  respiratory  care  regimen  utilized.  In  com- 
parison, during  the  base  period,  one  patient  died,  with  the 
cause  of  death  listed  as  pneumonia. 

In  some  of  our  frequent  discussions  with  the  orthopedic 
residents,  they  identified  three  patients  whom  they  felt 
would  benefit  from  respiratory  care  more  aggressive  than 
was  being  provided  via  protocol.  These  patients  were 
heavy  smokers  who  did  not  cooperate  to  meet  their  postop- 
erative nectl  to  deep  breathe  and  cough.  In  these  ca.ses.  the 
orthopedic  residents  ordered  bronchodilator  therapy  via 
small-volume  nebulizer  to  improve  mucociliary  clear- 
ance.'-"' The  frequency  t)f  disagreements  in  care  plans  dur- 
ing the  sitnly  period  was  inichanged  from  the  base  period. 
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As  a  result  of  specific  clinical  resource  management 
initiatives,  total  average  length  of  stay  of  patients  on  the 
OSF  had  been  gradually  decreasing.  During  the  base  peri- 
od, the  length  of  stay  was  6.9  days  and  remained  at  this 
level  during  the  pilot.  These  data  suggest  that  the  protocol 
process  did  not  have  an  adverse  effect  on  length  of  stay. 

Communication  among  Staff 

The  communication  process  among  the  RCPs  and  the 
physicians  and  nurses  was  enhanced  during  the  pilot  pro- 
gram. A  combination  of  609  initial  and  follow-up  evalua- 
tions was  performed  during  the  pilot  study.  Each  of  these 
resulted  in  mandatory  contacts  with  the  nurses  that  had  not 
been  occuning  prior  to  the  project.  Improved  communica- 
tion was  documented  not  only  through  the  increased  con- 
tact but  also  anecdotally  via  the  willingness  of  the  nurses 
to  call  the  RCP  for  patient  evaluation.  This  had  happened 
infrequently  prior  to  the  project  but  became  a  common  oc- 
currence during  the  project.  Subjective  improvement  in  the 
respect  accorded  by  the  nurses  was  also  reported  by  the 
RCPs  participating  in  patient  evaluations.  The  frequency 
of  physician  communications  also  increased  due  to  daily 
conversations  about  care  plans  and  the  documentation  of 
each  patient  assessment  in  the  progress  notes.  Physician 
contacts  prior  to  the  pilot  project  were  much  less  frequent 
and  usually  entailed  a  phone  contact  to  discontinue  treat- 
ment that  was  no  longer  necessary. 

Cost  Savings 

The  cost  savings  identified  during  the  project  are  sum- 
marized in  Table  3.  The  utilization  and  cost  data  were  ex- 
tracted from  our  institution's  internal  cost  accounting,  case 
mix.  and  patient-billing  systems.  The  cost  savings  identi- 
fied during  the  project  include  only  the  variable  costs  asso- 
ciated with  performing  those  particular  procedures. 
Included  in  our  institution's  variable  costs  are  direct  labor, 
materials,  and  fringe  benefits.  Allocated  fixed  costs  have 
been  excluded  from  this  analysis  as  tho.se  amounts  tend  not 
to  fluctuate  with  changes  in  utilization.  As  a  result,  the 
variable  amount  measures  the  actual  reduction  in  operating 
expenses  resulting  froin  the  Respiratory  Care  Depart- 
ment's assessment-treatment  initiative.  The  average  cost 
and  utilization  figures  reflected  within  Table  3  are  based 
on  total  discharges  from  the  OSF  for  each  respective  time 
period.  (Outliers  as  defined  by  the  Health  Care  Financing 
Administration  have  been  excluded.)  As  noted,  the  reduc- 
tion in  operating  expenses  during  the  3-month  pilot  study 
was  $17.55/patient,  thus  resulting  in  a  total  savings  of 
$5,318.  If  utilization  and  patient  referrals  remain  steady, 
savings  of  approximately  $21.250/year  would  be  realized. 


Discussion 

Affective  Strategy 

Understanding  that  change  brings  forth  fear  and  con- 
cern as  well  as  growth,  we  prepared  to  meet  the  anticipated 
questions  of  those  physicians  and  nurses  involved  in  the 
pilot  study.  Initially,  there  were  numerous  physician 
doubts,  possibly  associated  with  the  anticipated  loss  of 
control  of  management  of  the  patients  for  which  they  were 
ultimately  responsible.  The  pilot  study  was  approved  only 
after  many  verbal  and  written  exchanges  with  physicians 
that  stressed  that  respiratory  protocols  were  flexible  tools. 
Physicians  were  encouraged  to  order  respiratory  care  pro- 
tocols and  were  assured  that  written  conclusions  regarding 
the  patient  assessment  would  be  entered  in  the  progress 
notes  for  their  review. 

Anecdotal  Observations 

Respiratory  protocols  quickly  proved  to  be  convenient, 
time-saving  tools  for  the  physician.  On  one  occasion,  an 
orthopedic  surgeon  was  contacted  concerning  nebulizer 
treatments  for  one  of  his  patients  with  a  history  of  asthma. 
The  particular  physician  shared  the  RCP's  view,  but  stated 
he  was  uncertain  about  what  to  order.  He  was  pleased 
when  told  he  could  simply  order  "Respiratory  Care 
Protocol"  and  the  appropriate  therapy  would  be  adminis- 
tered. He  was  then  able  to  focus  upon  the  patient's  ortho- 
pedic condition. 

The  staff  nurses  were  also  apprehensive  about  their  new 
role.  Traditionally,  RCPs  and  nurses  though  serving  the 
same  patients  did  so  independently  with  a  minimum  of 
communication  or  interaction.  As  a  rule,  nurses  contacted 
the  attending  physician  directly  about  suspected  or  identi- 
fied patient  pulmonary  needs.  As  a  consequence,  orders 
were  commonly  written  on  the  basis  of  nursing  assessment 
by  physicians  who  often  were  unable  to  personally  assess 
the  patient's  pulmonary  .status  at  the  given  time.  Therefore, 
RCPs  frequently  carried  out  orders  with  little  participation 
in  the  assessment  and  decision-making  process. 

Our  respiratory  protocols  created  a  team  image,  bring- 
ing together  the  nurse  and  RCP  from  their  more  separate 
roles.  At  first  there  was  hesitation,  but  soon  nurses  were 
contacting  RCPs  regarding  their  patients'  respiratory  re- 
quirements. Protocol  patients  were  no  longer  so  much 
"Nursing's  patient"  or  "Respiratory  Care's  patient,"  but 
rather  a  combined  responsibility  of  both  caregivers,  a  col- 
laboration created  by  a  program  promoting  communica- 
tion. 

Our  enhanced  interaction  with  nurses  bolstered  their 
confidence  in  RCPs,  trusting  that  we  would  professionally 
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Table  i.      Financial  Impact  of  Respiratory  Care  Assessment-Treatment  Program  on  an  Orthopedic  Surgery  Unit  during  a  3-Month  Pilot  Program 


Base  Period 

RT  Protocol  Period 

Unit 

Oct92-Mar93 

July  93-Sept  93 

Variance  from  Base 

Sa' 

Avg 

Avg 

Avg 

Avg 

Avg 

Avg 

vings 

Service  Description 

VarCost*($) 

VarCost($) 

Units 

VarCost($) 

Units 

Cost($) 

Units 

Cost($) 

Units 

O;  Transport/walk  w/Oj 

7.72 

0.00 

0.0 

0.03 

0.0 

(0.03) 

0.0 

(7.72) 

(1.0) 

Set  up  O2 

0.27 

0.23 

0.9 

0.24 

0.9 

0.00 

0.0 

(1.19) 

(4.4) 

Set  up  (TAG) 

5.93 

0.00 

0.0 

0.02 

0.0 

(0.02) 

0.0 

(5.93) 

(1.0) 

Set  up  (Vent) 

11.59 

0.00 

0.0 

0.04 

0.0 

(0.04) 

0.0 

(11.59) 

(1.0) 

Set  up  (Circuit) 

6.74 

2.97 

0.4 

2.05 

0.3 

0.92 

0.1 

278.50 

41.3 

Aerosol-oxygen 

0.08 

0.00 

0.0 

0.02 

0.3 

(0.02) 

(0.3) 

(6.71) 

(83.9) 

Apnea  alarm  monitor 

7.99 

3.36 

0.4 

0.42 

0.1 

2.93 

0.4 

888.97 

111.3 

Ventilator  hours 

7.53 

0.30 

0.0 

0.47 

0.1 

(0.17) 

0.0 

(51.81) 

(6.9) 

Incentive  spirometry  set  up 

8.86 

5.23 

0.6 

3.30 

0.4 

1.92 

0.2 

582.72 

65.8 

IPPB  treatment 

7.57 

0.68 

0.1 

0.32 

0.0 

0.36 

0.0 

108.02 

14.3 

Incentive  spirometry/daily 

10.00 

8.00 

0.8 

1.35 

0.1 

6.65 

0.7 

2.014.00 

201.4 

Nebulizer  treatment 

5.97 

14.51 

2.4 

10.44 

1.7 

4.06 

0.7 

1,231.55 

206.3 

Oxygen  face  mask 

0.99 

0.00 

0.0 

O.Ul 

0.0 

(0.0 1) 

0.0 

(2.97) 

(3.0) 

Oxygen  cannula 

0.35 

0.10 

0.3 

0.12 

0.3 

(0.02) 

(0.1) 

(6.01) 

(17.2) 

Pulse  oximetry /hr 

6.64 

0.40 

0.1 

1.23 

0.2 

(0.831 

(0.1) 

(251.12) 

(37.8) 

Pulse  oximeter 

6.05 

2.54 

0.4 

0.16 

0.0 

2.38 

0.4 

721.52 

119.3 

Oxygen  hours 

0.08 

1.28 

16.0 

1.42 

17.8 

(0.151 

(1.8) 

(44.08) 

(551.1) 

Chest  physical  therapy 

6.03 

0.42 

0.1 

0.36 

0.1 

0.06 

0.0 

19.36 

3.2 

Service 

23.46 

0.00 

0.0 

0.15 

0.0 

(0.15) 

0.0 

(46.92) 

(2.0) 

8  hour  CPAP  on  floors 

29.98 

0.00 

0.0 

0.30 

0.0 

(0.30) 

0.0 

(89.94) 

(3.0) 

Totals 

$40.01 

22.5 

$22.46 

22.3 

$17.55 

0.2 

$5,318.64 

50.5 

Total  Discharges 

645                                      303 

1  calculate  average  variable  costs  of  645  patients  during  the  6-month  basi 

;  period  and  for  yoi 

patients  during  ttie  ; 

^-month  pilot  slur 

*Figures  have  been  rounded.  Variable 

i\  penod 

Average  cost  savings  vanance  from  the  base  period  was  calc 

ulaled  and  used  to  doci 

imem  total  cc 

ist  savings  during  piloi 

1  study 

address  any  respiratory  challenge.  If  a  physician  contact 
was  still  required  beyond  the  protocol,  it  was  made  as  a 
joint  effort  by  the  nurse  and  the  RCP.  Thus,  if  we  were 
successful,  they  were  successful.  We  believe  that  with  this 
enhanced  interaction  patient  care  can  only  be  advanced — a 
positive  consequence  of  our  pilot  project. 

Possible  Modification 

Our  own  cautious  approach  to  implementing  the  proto- 
cols resulted  in  documentation  and  patient  reassessments 
during  the  pilot  study  that  may  be  excessive  for  future 
care.  In  an  attempt  to  anticipate  and  respond  to  every  pos- 
sible respiratory  need,  we  had  developed  a  system  that  was 
labor  intensive.  Although  tolerable  in  use  on  the  single 
pilot  unit,  it  became  clear  that  the  paperwork  and  patient- 
reassessment  process  would  have  to  be  streamlined  before 
respiratory  protocols  could  be  implemented  hospital-wide. 
We  are  now  actively  involved  in  simplifying  the  process 
for  the  envisioned  expansion. 


Undertreatment  vs  Overtreatment 

The  use  of  respiratory  care  protocols  is  an  accepted 
method  of  developing  clinically  effective  and  fiscally  re- 
sponsible care  plans.''"'  Although  the  emphasis  is  often  on 
reduction  of  therapy,  some  studies  have  suggested  that  pa- 
tients may  also  be  undertreated. '''■'*'  Our  own  data,  as  shown 
in  Table  3.  indicate  that  utilization  of  some  treatment 
modalities  actually  increased  during  our  pilot  study.  RCPs 
are  well  qualified  to  have  a  positive  impact  on  clinical  re- 
source management  in  hospitals. -■"'■^'■''  The  ability  to  effec- 
tively assess,  initiate  timely  treatment  protocols,  and  revise 
the  care  plan  throughout  the  patient's  hospital  stay  is  a 
valuable  skill.  Hospitals  that  choose  to  utilize  RCPs  in  this 
fashion  may  not  only  reap  the  financial  benefits  listed  pre- 
viously but  also  improve  employee  satisfaction  through 
enhanced  professional  standing. 

Financial  P^ffcctiveness  Maintained 

The  financial  cITeclixeiicss  of  ihe  pilot  study  was 
dcmoiislraled  by  a  icduclion  in  ulili/alion  of  respiratory 
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therapy,  particularly  incentive  spirometry  and  small-vol- 
ume nebulization — reductions  resulting  directly  from  pro- 
tocol implementation.  An  additional  $5,000  in  respiratory 
cost  savings  was  identified  in  the  3  months  following  the 
pilot  study  using  the  same  methodology  described  in  Table 
3.  This  suggests  that  the  initial  momentum  of  the  project 
has  been  maintained.  The  inability  to  sustain  early  success 
is  a  potential  limitation  of  any  major  change.  These  data 
also  reaffirm  that  the  positive  results  were  not  due  simply 
to  seasonal  differences  in  demands  for  respiratory  therapy. 

Staff  Satisfaction 

It  is  unclear  at  this  point  whether  staff  satisfaction  has 
increased  as  a  result  of  this  project.  It  seems  likely  that  this 
will  occur  over  time,  but  the  normal  frustrations  experi- 
enced in  implementing  major  change  can  counterbalance 
the  excitement  of  a  new  role.  This  is  a  possible  short-term 
limitation  that  will  be  monitored  through  future  employee 
attitude  surveys  and  otherwise  unexplained  attrition. 

Quality  Assurance  Goals 

The  quality  outcome  goals  of  this  project  were  accom- 
plished as  evidenced  by  similar  morbidity  and  mortality 
and  length-of-stay  data  as  compared  to  the  base  period. 
The  RCPs  were  instructed  to  err  on  the  side  of  treating 
rather  than  not  treating  patients  whose  indications  for  ther- 
apy were  questionable.  This  tended  to  minimize  disagree- 
ments with  physicians  but  may  have  limited  the  cost  sav- 
ings achieved. 

Improved  Communication 

Improved  communication  is  difficult  to  measure,  but 
our  pilot  study  clearly  increased  the  frequency  and  quality 
of  communications  of  RCPs  with  physicians  and  nurses. 
According  to  the  subjective  opinions  of  the  RCPs,  relation- 
ships have  improved  with  other  professionals  as  a  result  of 
the  project. 

Advice  to  Would-Be  Implementers 

Successful  implementation  of  patient  assessment-treat- 
ment programs  depends  largely  on  medical  director  sup- 
port. Medical  directors  can  serve  as  valuable  advisors  and 
editors  of  protocol  documents.  Also,  because  they  are  con- 
sumers of  the  product,  they  can  be  effective  communica- 
tors in  'selling"  the  concept  to  other  physician  groups. 
Clear  communication  with  all  personnel  involved  prior  to 
implementation  can  assist  in  overcoming  many  of  the  ob- 
stacles presented  by  the  process  of  change. 

It  is  important  to  remember  that  an  evaluation-treat- 
ment program  cannot  divert  a  group  of  employees  from 
being  caregivers  to  being  pure  evaluators.  Such  a  diversion 


simply  adds  to  overhead  costs  and  increases  bureaucracy. 
RCPs  must  become  both  evaluators  and  caregivers  to  be 
efficient  members  of  the  health-care  team  of  the  1990s. 

We  believe  that  clinical  resource  management  efforts 
will  be  important  for  successful  acute  care  hospital  man- 
agement over  the  next  few  years.  The  political  culture  of 
an  institution  influences  the  ease  of  establishing  an  evalua- 
tion-treatment system.  It  is  reasonable  to  formulate  proto- 
cols to  be  available  for  implementation  when  and  if  incen- 
tives (financial  or  otherwise)  develop.  It  is  important  to 
control  clinical  resources  in  a  palatable  manner  and  to  be 
prepared  to  reduce  staffing  should  new  incentives  for  dra- 
matic reduction  of  therapeutic  modalities  develop  rapidly. 

A  pilot  study  can  be  a  good  way  to  work  through  the 
problems  of  a  new  system  on  a  small  scale.  As  a  result  of 
the  positive  results  of  our  study,  the  Executive  Committee 
of  the  Medical  Staff  approved  implementation  of  our  as- 
sessment-treatment program  hospital-wide.  Our  plans  in- 
clude the  development  of  a  plan  to  bring  each  nursing  unit 
on  line  over  a  period  of  approximately  6  months.  We  will 
then  continue  to  monitor  data  to  identify  whether  the  posi- 
tive results  of  our  pilot  study  can  be  duplicated  on  a  larger 
scale. 

Conclusions 

We  successfully  implemented  a  pilot  patient  assess- 
ment-treatment program  on  the  orthopedic  floor  of  a  large, 
university-affiliated  teaching  hospital.  Overall  utilization 
of  respiratory  therapy  declined,  resulting  in  a  3-month  sav- 
ings of  $5,318.  Cost  savings  during  the  3  months  follow- 
ing the  study  were  calculated  at  $5,000,  which  supports 
continued  financial  success.  The  cost  savings  associated 
with  this  project  were  accomplished  with  no  adverse  ef- 
fects on  quality  indicators.  The  frequency  and  quality  of 
physician  and  nurse  communication  with  the  RCPs  also  in- 
creased. Data  from  a  successful  pilot  project  can  be  used  as 
justification  for  expanding  the  scope  of  such  programs. 
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Simulated  Pediatric  Cardiopulmonary  Resuscitation:  Initial  Events  and 
Response  Times  of  a  Hospital  Arrest  Team 

John  M  Palmisano  RRT,  Olugbenga  A  Akingbola  MD,  Frank  W  Moler  MD  MS, 
and  Joseph  R  Custer  MD 

BACKGROUND:  Cardiopulmonary  resuscitation  (CPR)  training  programs  exist 
to  enhance  linowledge  and  sliills  retention.  However,  they  do  not  ensure  that  effec- 
tive CPR  will  be  performed  by  trainees  or  resuscitation  teams.  One  aspect  of  CPR 
effectiveness  is  the  ability  of  the  team  to  respond  to  an  emergency  call  in  a  timely 
manner.  METHODS:  We  prospectively  evaluated  the  time  required  for  team  mem- 
bers to  respond  to  an  emergency  call  and  to  initiate  definitive  treatment  in  our  pedi- 
atric facility.  The  medical  staff  who  responded  had  no  prior  knowledge  of  the  simu- 
lated cardiac  arrest  (SCA)  events.  All  events  were  recorded  on  audio-cassette  tape 
to  determine  the  sequence  of  events  and  response  time  of  arrest  team  members. 
SCA  scenarios  represented  examples  of  cardiac,  hematologic,  renal,  respiratory, 
and  pharmacologic  pathophysiology.  All  participants  were  instructed  to  respond  as 
though  the  SCA  were  an  actual  emergency.  RESULTS:  From  December  1991  to 
January  1993,  37  SCAs  were  evaluated.  Documentation  began  after  a  concise  arrest 
scenario  had  been  presented  to  a  designated  nursing  representative  who  was  to  be 
the  first  rescuer  on  the  scene.  The  rescuer  first  assessed  the  patient's  condition,  acti- 
vated the  cardiac  arrest  system  (median  elapsed  time,  MET,  0.50  minutes),  and 
then  initiated  single-person  CPR  (MET  0.58  minutes).  Administration  of  oxygen  oc- 
curred at  an  MET  of  2.25  minutes.  The  first  member  of  the  arrest  team  to  respond 
was  the  pediatric  resident  (MET  3.17  minutes)  followed  by  the  respiratory  therapist 
(MET  3.20  minutes),  an  ICU  nurse  (MET  3.58  minutes),  a  pharmacist  (MET  3.42 
minutes),  and  anesthesiology  personnel  (MET  4.70  minutes).  DISCUSSION:  The 
use  of  SCAs  (termed  "Mega  Code")  serves  as  an  extension  of  Basic  Life  Support 
and  Advanced  Cardiac  Life  Support  education  and  provides  a  valuable  learning  ex- 
perience and  quality  assurance  tool.  Limitations  that  might  influence  patient  out- 
come during  an  actual  in-hospital  arrest  have  led  to  refinements  in  our  cardiac  ar- 
rest procedures.  Of  particular  note  was  the  delay  in  oxygen  administration,  which 
may  be  linked  to  its  omission  from  the  1986  and  1992  American  Heart  Association 
Basic  Life  Support  Guidelines.  CONCLUSION:  We  believe  that  BLS  education  for 
hospital  employees  should  include  and  emphasize  oxygen  delivery  for  resuscitation. 
[Respir  Care  1994;39(7):725-729.] 
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Background 

The  continuous  reinforcement  of  cardiopulmonary  re- 
suscitation skills  (CPR)  and  its  impact  on  the  retention  of 
knowledge  and  performance  of  CPR  have  been  previously 
reviewed.'"'  Whereas  cardiopulmonary  resuscitation  train- 
ing programs  (Advanced  Cardiac  Life  Support  [ACLS], 
Pediatric  Advanced  Life  Support  [PALS],  and  Basic  Life 
Support  [BLS])  may  enhance  knowledge  retention  and 
performance  skills,  this  does  not  imply  that  effective  CPR 


RESPIRATORY  CARE  •  JULY  '94  Vol  39  No  7 


725 


SIMULATED  PEDIATRIC  CPR:  INITIAL  EVENTS  &  RESPONSE  TIMES 


will  be  performed  by  the  arrest  team.-'*  The  available  data 
on  the  outcome  of  pediatric  patients  requiring  CPR  indi- 
cates wide  variation  ranging  from  7%  to  65%  survival.'''* 
These  diverse  results  are  probably  related  to  several  fac- 
tors other  than  the  performance  of  CPR,  such  as  the  etiolo- 
gy of  the  precipitating  event  (cardiac  vs  respiratory)  and 
whether  survival  is  characterized  as  short  term  (<  24  hours 
following  cardiac  arrest),  long  term  (>  24  hours  following 
cardiac  arrest),  or  to  hospital  discharge. 

Whereas  cardiac  arrest  has  an  acute  onset  in  adults,  in 
pediatric  patients  it  is  often  preceded  by  a  slow,  progres- 
sive deterioration  of  respiratory  function.'^  This  deteriora- 
tion in  condition  frequently  results  from  an  unresolved  un- 
derlying condition  such  as  hypovolemia,  sepsis,  hypoven- 
tilation, metabolic  disorder,  acidosis,  hypoxemia,  or 
irreversible  ischemia.  Thus,  a  successful  outcome  may  be 
influenced  by  early  recognition  of  clinical  antecedents,'"" 
treatment  of  the  underlying  condition,  and  the  skills  and 
versatility  of  the  CPR  team. 

The  premise  that  current  standards  of  basic  life  support 
are  appropriate  for  bystander-initiated  CPR  seems  reason- 
able. However,  are  current  methods  of  ELS'*  education  ap- 
propriate for  hospital  employees  who  have  additional  re- 
sources available?  Because  little  is  known  as  to  what  ther- 
apies are  provided  by  the  first  responder  during  the  arrival 
of  the  cardiac  arrest  team,  we  prospectively  evaluated  the 
timeliness  of  CPR  interventions  and  the  response  times  of 
the  various  members  of  our  pediatric  CPR  team.  This  re- 
view was  limited  to  those  events  that  occurred  before  and 
during  the  arrival  of  the  cardiac  arrest  team  in  a  series  of 
simulated  cardiac  arrest  (SCA)  scenarios  of  diverse  etiolo- 
gy. Any  additional  activities  that  occurred  during  the  SCA 
such  as  drug  calculations,  interventional  procedures,  deci- 
sion making,  deficiency  identification,  and  electrocardio- 
gram interpretation  were  discussed  at  length  following  the 
completion  of  each  SCA. 

Methods 

Simulated  cardiac  arrests  were  prospectively  conducted 
and  evaluated  from  December  1991  through  January  1993 
within  our  200-bed  pediatric  teaching  hospital.  These  sim- 
ulated cardiac  arrests  (termed  "Mega  Code")  serve  as  an 
extension  of  Basic  Life  Support  and  Advanced  Cardiac 
Life  Support  education.''  '-The  main  objectives  of  SCA  are 
to  introduce  hospital  personnel  to  a  cardiorespiratory  arrest 
situation,  identify  deficiencies  in  the  current  system,  rein- 
force CPR  education,  and  exchange  ideas.  During  these 
events,  a  patient  history  was  presented  to  the  initial  respon- 
ders  who  resuscitated  a  manikin  as  though  it  were  a  real 
patient  (performed  intubation,  defibrillation,  intravenous 
infusions,  and  documentation).  Following  the  completion 
of  the  simulated  event,  individual  performance  and  the 
performance  of  the  entire  cardiac  arrest  team  was  evaluat- 
ed and  discussed. 


The  day  of  the  week,  time  of  occurrence,  and  location 
within  the  T-tloor  Maternal  Child  Health  Center  and  ad- 
joining Children's  Hospital  were  unknown  to  the  partici- 
pants prior  to  the  call.  Variables  measured  included  the 
time  to  CPR  initiation  (assisted  ventilation  and  chest  com- 
pression), oxygen  administration,  activation  of  the  cardiac 
arrest  paging  system,  the  arrival  of  various  members  of  the 
arrest  team,  patient  connection  to  an  electrocardiogram 
(ECG)  monitor,  drug  administration,  and  intubation.  Only 
events  that  occuned  before  and  during  the  arrival  of  the 
cardiac  arrest  team  to  the  bedside  were  reviewed.  These 
variables  were  selected  because  the  differences  in  the  car- 
diac arrest  scenarios  among  patient  floors  (ie,  toddlers  to 
young  adults)  would  have  confounded  the  interpretation  of 
any  additional  measurements.  All  events  were  recorded  on 
audio-cassette  tape  (electrically  operated)  to  accurately 
document  the  sequence  of  events  and  the  median  elapsed 
time  (MET)  required  to  respond  to  the  patient  described  in 
the  scenario.  A  pediatric  resuscitation  manikin*  and  infant 
intubation  head  were  used  to  simulate  emergency  patient 
conditions.  Real-time  electrocardiograms  were  created 
with  an  ECG  arrhythmia  simulator.  The  ECG  tracings 
were  varied  according  to  the  scenario  or  following  an  in- 
tervention initiated  by  CPR-team  members.  A  primary 
nurse  and  two  additional  nursing  participants,  appointed 
by  the  head  nurse  of  the  respective  floor,  were  informed  of 
their  participation  in  the  SCA  and  were  given  a  brief  pa- 
tient history.  These  scenarios  included  cases  of  cardiac  dis- 
ease, hematologic  disorders,  respiratory  pathology,  renal 
pathology,  and  drug  toxicity. 

At  this  hospital,  patient  location  is  determined  by  age 
and  diagnosis.  For  this  reason,  scenarios  were  changed  to 
meet  the  general  diagnosis  of  patients  cared  for  on  the 
specified  floor.  Following  a  brief  patient  history,  the  nurs- 
ing participants  were  informed  that  their  patient,  who  was 
not  being  electronically  monitored  and  in  whom  venous 
access  had  not  been  established,  was  apneic  and  pulseless, 
and  they  were  instructed  to  respond  as  though  this  were  a 
true  emergency.  The  medical  staff  who  responded  were 
given  the  patient  history  and  scenario  by  the  nursing  par- 
ticipants. All  SCAs  occuned  during  the  day  shift,  and  no 
clinical  or  mechanical  problems  were  intentionally  intro- 
duced into  the  scenario.  Emergency  equipment  and  sup- 
plies were  conveniently  located  on  each  wing  of  the  hospi- 
tal, and  mouth-to-mask  devices  were  located  in  each  room. 
All  nursing  personnel  were  BLS  certified  and  were  famil- 
iar with  the  use  of  the  mouth-to-mask  resuscitation  de- 
vices. 

The  pediatric  cardiac  arrest  team  at  our  children's  hos- 
pital consists  of  two  pediatric  residents  (one  senior  resi- 


*  Suppliers  arc  iilcmillcii  in  the  I'rhIiicI  Sources  secluin  at  ilic  ciul  ol  ihe 
text. 
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dent  and  one  pediatric  intensive-care  resident),  two  respi- 
ratory therapists,  a  pediatric  intensive  care  unit  nurse,  a 
pharmacist,  an  anesthesiologist  or  a  nurse  anesthetist,  and 
support  services  personnel.  The  specific  persons  assigned 
to  this  team  vary  day  to  day  and  shift  to  shift.  All  pediatric 
residents  are  ACLS  certified,  whereas  respiratory  thera- 
pists and  nurses  have  completed  BLS  or  ACLS  training. 
The  cardiac-arrest  team  was  notified  of  the  emergency  via 
pocket  pagers  that,  when  activated,  displayed  an  alpha-nu- 
meric description  of  the  floor  and  room  number  of  the 
emergency.  The  nurse  (first  responder)  notified  the  ward 
clerk,  who  called  the  emergency  operator.  The  operator 
then  activated  the  cardiac  arrest  pagers. 

Guidelines  established  by  the  American  Heart 
Association"-  were  strictly  adhered  to  and  were  used  to 
evaluate  these  simulations.  The  initiation  of  CPR  was  de- 
fined as  performing  either  assisted  ventilation,  chest  com- 
pressions, or  both.  Data  were  entered  into  and  analyzed 
using  computer  spreadsheet  software.  Response-time  data 
are  reported  as  the  median  elapsed  time  (MET)  in  minutes, 
interquartile  range  (from  the  first  to  the  third  quartile,  ie, 
from  the  25th  to  the  75th  percentile),  and  full  range  (0th 
and  100th  percentiles). 

Results 

During  this  period  of  review,  37  simulated  events  were 
evaluated.  Figure  I  gives  the  METs,  interquartile  ranges, 
and  full  ranges  for  each  event  documented.  The  first  deci- 
sive actions  of  the  nursing  participants  were  to  assess  the 


patient's  condition.  This  assessment  frequently  consisted 
of  shaking  the  child  and/or  talking  loudly  to  the  child. 
Almost  simultaneously,  the  cardiac  arrest  paging  system 
was  activated,  and  single-person  CPR  was  initiated. 

The  first  members  of  the  cardiac  arrest  team  to  arrive 
were  the  pediatric  residents  followed  by  the  respiratory 
therapist,  an  ICU  nurse,  pharmacist,  and  anesthesiologist 
or  nurse  anesthetist.  Supporting  events  occurred  in  order 
with  oxygen  administration,  ECO  monitoring,  endotra- 
cheal intubation,  and  drug  delivery  by  intravenous,  in- 
traosseous, or  endotracheal  route. 

Mouth-to-mask  resuscitation  was  administered  by  nurs- 
ing personnel  in  76%  of  SCAs  (28/37)  to  provide  assisted 
ventilation.  In  the  remaining  instances  (9/37),  mouth-to- 
mouth  resuscitation  was  performed.  These  forms  of  resus- 
citation were  subsequently  replaced  by  bag-valve-mask 
ventilation  following  intubation  and/or  the  arrival  of  the 
respiratory  therapist. 

Discussion 

The  responsibility  for  providing  interventional  or 
definitive  treatment  such  as  the  electrical  conversion  of  ar- 
rhythmias, vessel  cannulation,  pharmacologic  delivery, 
endotracheal  intubation,  and  decision  making  during  a  car- 
diac arrest  rests  primarily  with  the  resident  physicians  in 
our  children's  hospital.  The  large  variation  in  the  response 
times  of  individual  members  of  the  arrest  team  is  an  impor- 
tant finding  of  these  simulated  events.  In  some  instances. 


Intubation  Performed  - 

Medication  Delivered  - 

Anesthesiologist  Arrived  - 

ECG  Monitored  - 

Pharmacist  Arrived  - 

ICU  Nurse  Arrived  - 

Respiratory  Therapist  Arrived  - 

Physician  Arrived  - 

Administered  Oxygen  - 

Initiated  CPR  - 

Activated  System  - 


(1)        0  1  2  3  4  5          6  7  8  9         10        U         12        13        14        15        16 

Elapsed  Time  (min) 

Fig.  1 .  The  time  in  minutes  for  tlie  measured  events  are  shown  as  median  (•);  interquartile  range,  from  the  first  to  the  third  quartile  (ie.  from 
the  25th  to  the  75th  percentile)  (  <— c>);  and  the  full  range,  from  the  lowest  through  the  highest  value  (♦). 
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failure  of  the  arrest  pager  to  activate  may  account  for  the 
delays,  whereas  in  other  instances  members  of  the  arrest 
team  were  involved  in  caring  for  other  patients  and  were 
unable  to  respond  immediately.  Another  possible  explana- 
tion for  delay  is  the  understandable  reticence  of  the  first  re- 
sponder  to  rely  on  the  report  as  given — ie,  the  patient  is  ap- 
neic  and  pulseless — and  proceeding  with  an  assessment 
according  to  BLS  guidelines'"-  rather  than  immediately 
activating  the  cardiac  arrest  paging  system  and  beginning 
rescue  breathing. 

Other  issues  of  concern  include  the  delay  in  providing 
oxygen  (MET  2.25  minutes)  and  in  the  administration  of 
drugs  such  as  epinephrine  (MET  6.67  minutes)  during 
these  events.  Although  oxygen  (source,  flowmeter,  and 
tubing)  and  a  mouth-to-mask  device  were  available  at  the 
bedside,  a  substantial  delay — MET  2.25  minutes — was 
noted  in  oxygen  administration.  This  delay  may  be  due  to  a 
deficiency  in  1986  and  1992  BLS  algorithms  frequently 
used  to  in-service  hospital  employees.  These  algorithms  do 
not  include  oxygen  administration.  The  delay  in  drug  ad- 
ministration might  be  related  to  the  confusion  and  excite- 
ment of  the  event,  delay  in  the  arrival  of  members  of  the 
arrest  team,  or  a  delay  in  establishing  a  route  of  adminis- 
tration. However,  this  is  a  problem  only  in  patients  who  do 
not  have  established  venous  access  prior  to  the  arrest. 
These  are  significant  issues  because  Eisenberg  et  al" 
demonstrated  in  adults  that  the  shorter  the  time  interval  be- 
tween patient  collapse  and  the  initiation  of  CPR,  the  more 
successful  the  outcome  for  out-of-hospital  arrests.  That 
study  also  postulated  that  a  significant  relationship  exists 
between  long-term  outcome  and  the  time  from  collapse  to 
definitive  care.  In  a  study  of  cardiac  dysrhythmias,  Walsh 
and  Krongrad'"*  found  that  only  6%  of  children  in  car- 
diopulmonary arrest  demonstrated  ventricular  fibrillation 
as  the  terminal  rhythm  and  that  only  in  patients  with  con- 
genital heart  disease.  The  dysrhythmias  that  were  most 
strongly  associated  with  cardiopulmonary  collapse  within 
the  pediatric  age  group  were  asystole  and  idioventricular 
bradycardia,  both  commonly  resulting  from  hypoxia. 

Whereas  cardiac  arrest  is  generally  of  an  acute  onset  in 
the  adult  patient,  the  occurrence  of  cardiac  arrest  in  a  pedi- 
atric patient  is  often  preceded  by  a  progressive  deteriora- 
tion of  cardiorespiratory  function.''  This  deterioration  fre- 
quently results  from  an  unresolved  underlying  condition 
such  as  hypovolemia,  sepsis,  hypoventilation,  metabolic 
disorders,  acidosis,  or  hypoxia.  The  presenting  cardiac 
rhythm  is  frequently  bradycardia  that  progresses  to  asys- 
tole. Because  of  the  rapid  deterioration  that  may  ensue,  it  is 
imperative  thai  airway  management  and  the  institution  of 
definitive  therapy  occur  immediately.  Interventions  known 
to  reverse  the  primary  initiating  event  or  to  limit  the  ad- 
verse effects  of  a  secoiulaiy  iiheiionicnon  due  lo  dimin- 


ished cardiac  output  include  assisted  ventilation  with  sup- 
plemental oxygen  administration,  tluid  administration  to 
increase  intravascular  volume,  and  electrical  conversion  of 
dysrhythmias.  In  two  studies  of  adult  cardiac  arrest  vic- 
tims,'"" data  suggest  that  clinical  deterioration  had  been 
documented  6-8  hours  before  the  arrest.  In  the  study  by 
Franklin  and  Mathew,'"  physicians  were  either  not  in- 
formed or  did  not  respond  appropriately  to  patients  with 
documented  clinical  deterioration. 

While  the  observations  in  our  study  provide  a  focal 
point  for  discussion,  they  should  be  interpreted  with  cau- 
tion. A  possible  limitation  of  this  investigation  is  the  re- 
quired assumption  that  an  association  exists  between  the 
responses  observed  during  SCAs  and  those  of  an  actual 
cardiac  arrest.  The  potential  benefits  of  this  investigation 
may  allow  members  of  the  arrest  team  to  adjust  their  deci- 
sions based  upon  the  expected  sequence  of  events  and  the 
arrival  of  essential  personnel.  In  addition,  SCAs  may  be 
used  to  review  hospital  practice,  policy,  quality  assurance 
documentation,  or  to  redefine  individual  responsibilities 
such  as  allowing  the  nurse  to  administer  epinephrine  be- 
fore the  physician  arrives.  While  the  use  of  SCA  has 
proven  to  be  an  effective  tool,  it  has  also  led  to  the  realiza- 
tion that  the  most  important  member  of  the  arrest  team  is 
the  initial  rescuer.  Any  hesitation  by  the  initial  rescuer  or  a 
decision  to  begin  treatment  before  notifying  the  arrest 
team  may  markedly  delay  their  arrival. 

The  primary  objectives  of  these  simulated  cardiac  ar- 
rests are  to  serve  as  an  adjunct  to  medical  education  and  to 
document  technical  expertise  in  CPR  skills  among  hospital 
employees.  Our  findings  are  not  unique,  and  are  similar  to 
those  presented  by  Sullivan  and  Guyatt.'They  reported  a 
response  time  of  2-3  minutes  for  their  arrest  team.  In  1974, 
Ehrlich  et  al*"  reported  that  a  physician  and  a  nurse  were 
able  to  reach  a  cardiac  arrest  patient  within  90  seconds. 
However,  the  emergency  crash  cart  took  up  to  4  minutes  to 
anive.  Twenty  years  later,  with  the  best  efforts  and  im- 
proved technology,  in-hospital  response  times  to  a  critical 
event  have  changed  little.  Although  the  variation  in  the  re- 
sponse times  of  members  of  the  anest  team  is  a  longstand- 
ing problem,  it  should  be  recognized  that,  in  our  study,  by 
the  time  the  first  member  of  the  aiTCst  team  arrived,  3  min- 
utes had  elapsed.  This  is  a  critical  time  period  during 
which  essential  metabolic  functions  rapidly  deteriorate. 
Even  when  performed  properly,  external  chest  compres- 
sions provide  only  a  fraction  of  the  patient's  normal  car- 
diac output."  It  is  also  recognized  that  oxygen  delivery  may 
be  markedly  diminished  by  inadequate  pulmonary  gas  ex- 
change and/or  inadequate  circulatory  volume  or  function 
during  chest  conipiessions.''  I'or  these  reasons,  il  seems  im- 
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perative  that  oxygen  be  administered  early  to  prevent  pro- 
found metabolic  acidosis  and  organ  failure. 

At  present,  our  hospital  is  revamping  the  cardiac  arrest 
system  by  installing  wall-mounted  switches  that,  when 
pushed,  will  immediately  activate  the  arrest  pagers.  This 
may  reduce  METs  by  eliminating  the  time  spent  communi- 
cating among  the  nurse,  unit  clerk,  and  emergency  tele- 
phone operator. 

Conclusion 

The  frequent  use  of  simulated  cardiac  arrests  serves  as  a 
valuable  method  to  assess  the  knowledge  and  performance 
of  medical  personnel  and  to  document  CPR  quality  assur- 
ance. On  the  basis  of  our  findings,  we  have  identified  a  sit- 
uation that  might  influence  patient  outcome  during  an  ac- 
tual cardiac  arrest — delayed  administration  of  oxygen.  We 
applaud  and  support  the  recent  recommendation  of  the 
American  Heart  Association'^  that  administration  of  oxy- 
gen by  first  responders  be  emphasized  in  all  BLS  courses 
taught  to  hospital  employees. 

PRODUCT  SOURCES 

Pediatric  Resuscitation  Maniliin: 

Laerdal  Medical  Corp.  Armonk  NY 

Infant  Intubation  Head: 

Armstrong  Industries  Inc.  Northbrook  IL 

ECG  Arrhythmia  Simulator: 

Armstrong  Industries  Inc.  Northbrook  IL 

Mouth-to-MasIt  Devices: 

Intertech  Resources  Inc.  Bannockburn  IL 

Computer  Spreadsheet: 

Excel  version  3.0,  Microsoft  Corp,  Redmond  WA 
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Prediction  and  Assessment  of  Bronchodilator  Response 
in  Mechanically  Ventilated  Patients 

Patricia  J  Wollam  RRT,  Carol  L  Kasper  RRT,  Michael  J  Bishop  MD,  and  Daxid  J  Pierson  MD 


BACKGROUND:  Bronchodilators  are  commonly  prescribed  for  mechanically 
ventilated  patients,  yet  uniform  indications  for  and  objective  assessment  of  the  ef- 
ficacy of  aerosolized  bronchodilator  use  in  this  population  are  generally  lacking. 
In  this  prospective  study  of  consecutive  mechanically  ventilated  patients,  we 
asked.  Can  we  identify  a  priori  those  patients  who  are  most  likely  to  respond  to  in- 
haled bronchodilators?  MATERIALS  &  METHODS:  54  consecutive  mechanical- 
ly ventilated  patients  in  acute  respiratory  failure  participated  in  the  study.  We 
recorded  auto-PEEP,  PIP.  and  whether  wheezing  was  present  on  auscultation  be- 
fore and  15  minutes  after  the  first  dose  of  bronchodilator.  Evidence  for  the  pres- 
ence of  reversible  airway  obstruction  (RAO) — diagnosis  of  COPD  or  asthma  and/ 
or  use  of  inhaled  corticosteroids  or  bronchodilators — was  obtained  from  the  pa- 
tient's chart.  The  bronchodilator  was  delivered  via  metered-dose  inhaler  with  an 
Aerovent  chamber  as  prescribed  by  the  primary  physician.  The  therapy  was 
deemed  indicated  if  the  patient  had  a  history  of  RAO  or  if  auto-PEEP  or  wheezing 
was  present.  A  positive  response  to  bronchodilator  was  defined  as  a  decrease  in 
wheezing.  >  2  cm  HiO  decrease  in  auto-PEEP.  or  >  4  cm  HiO  decrease  in  PIP. 
RESULTS:  42/54  (78%)  patients  had  at  least  one  indication  for  bronchodilator. 
Of  these  42,  27  were  positive  on  at  least  1  of  the  3  response  criteria.  Of  the  12  pa- 
tients without  an  indication,  only  1  had  a  positive  response  (x~.  p  <  0.001).  Of  the 
22  patients  who  were  not  wheezing  prior  to  treatment,  only  5  showed  decreased 
PIP  or  auto-PEEP,  whereas  23  of  32  who  were  wheezing  responded  (%-.  p  <  0.001). 
A  presumptive  history  of  RAO  was  not  associated  with  a  bronchodilator  response: 
9/17  patients  with  a  history  of  RAO  and  18/37  patients  with  no  history  of  RAO  re- 
sponded ix-.  p  >  0.05).  CONCLUSIONS:  Using  the  information  often  available  to 
the  clinician  (eg,  limited  patient  history,  physical  exam,  PIP.  and  auto-PEEP).  it  is 
not  possible  to  predict  reliably  which  patients  will  benefit  from  bronchodilator 
treatment.  Based  on  the  results  of  this  study,  we  recommend  an  empirical  trial  of 
bronchodilator  in  mechanically  ventilated  patients  for  whom  a  potential  indica- 
tion exists.  In  the  absence  of  such  an  indication  or  if  objective  measurements  fail 
to  document  a  response,  continued  bronchodilator  administration  may  not  be 
clinically  useful  or  cost-effective.  [Respir  Care  1994;39(7):730-735.] 
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Background 

Bronchodilators  are  commonly  prescribed  for  intubat- 
ed, mechanically  ventilated  patients,  although  the  detec- 
tion and  quantitation  of  both  need  and  response  are  much 
less  well  defined  in  this  setting  than  in  nonintubated.  spon- 
taneously breathing  patients.'  '  Studies  have  shown  that 
bi\)nchodilator  response  in  intubated  patients  can  be  de- 
tected by  decreases  in  auto-PEEP  and  peak  inspiratory 
pressure  (PIP).''-'  The.se  measurements  are  more  readily 
available  at  the  bedside  than  quantitation  of  expiratory 
How  at  a  standardized  recoil  pressure^''  and  determination 
of  end-expiratory  lung  volume.''  In  addition,  changes  in  the 
presence  or  severity  of  whce/ing  on  auscultation  following 
hronchoilihitor  administration  are  coniinonly  accepted 
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signs  of  a  favorable  response.  Despite  the  availability  of 
these  assessments  of  bronchodilator  response,  they  are  not 
in  widespread  use  by  either  ordering  physicians  or  those 
administering  the  treatments,  and  aerosol  bronchodilators 
may  be  prescribed  for  patients  for  whom  there  is  no  indica- 
tion and  who  do  not  benefit  from  their  use.  Such  indiscrim- 
inate use  of  bronchodilators  might  result  in  significant  un- 
necessary costs.  If  so,  a  substantial  cost-savings  would  re- 
sult if  in  fact  a  group  of  patients  that  are  unlikely  to  benefit 
can  be  identified  a  priori. 

We  hypothesized  that  inhaled  bronchodilators  would 
not  result  in  objective  evidence  of  patient  improvement 
unless  a  traditional  indication  for  therapy  was  present  (ie, 
the  patient  had  evidence  of  either  increased  resistance — 
wheezing  or  auto-PEEP — or  a  history  of  reversible  airway 
obstruction  [RAO]). 


Fig.  1.  Breakdown  of  patient  population  used  in  study. 
Materials  &  Methods 

Our  patient  population  consisted  of  54  consecutive  me- 
chanically ventilated  patients  with  acute  respiratory  failure 
(41  male  and  13  female,  mean  age  51.3  years,  age  range  3- 
98  years)  admitted  to  the  surgical/trauma  (22),  medi- 
cal/coronary (19),  burn  (4),  and  neurosurgery  (9)  intensive 
care  units  (Fig.  I).  Patients  were  studied  before  and  after 


the  first  bronchodilator  treatment  was  administered  while 
intubated. 

After  patients  had  received  orders  for  bronchodilators 
and  prior  to  their  first  treatment,  our  therapists  recorded 
initial  ventilatory  parameters  of  PIP,  auto-PEEP.  and  the 
presence  of  wheezing  on  auscultation.  The  bronchodilator 
(dose  determined  by  the  primary  physician)  was  then  ad- 
ministered by  metered-dose  inhaler*  with  a  collapsible 
spacer,  placed  at  the  patient- Y  (Fig.  2).  The  metered-dose 
inhaler  was  actuated  at  end-exhalation  so  the  medication 
was  given  during  the  next  inspiration — one  puff  per  breath 
until  the  prescribed  dose  was  delivered  (Table  1 ).  Fifteen 
minutes  after  bronchodilator  administration,  the  ventilatory 
parameters  were  recorded  again.  All  patients  were  ventilat- 
ed in  the  assist/control  or  synchronized  intermittent 
mandatory  ventilation  mode  using  a  square-wave  flow  pat- 
tern. Auto-PEEP  was  measured  using  the  expiratory  hold 
method  at  the  beginning  of  the  next  mechanical  breath  on 
all  patients  who  were  not  spontaneously  breathing.  In 
those  who  had  spontaneous  breaths,  auto-PEEP  could  not 
be  measured  reliably,  and,  therefore,  the  measurement  was 
oinitted  on  those  patients.  Auscultation  was  done  indepen- 
dently by  the  patient's  nurse  (RN)  and  the  respiratory  care 
practitioner  (RCP),  and  each  recorded  whether  wheezing 
was  present.  Following  the  bronchodilator  treatment,  both 
the  RN  and  RCP  independently  evaluated  whether  wheez- 
ing was  unchanged,  increased,  or  decreased. 

In  testing  our  hypothesis  that  patients  without  a  conven- 
tional indication  for  bronchodilator  therapy  would  not  re- 
spond, we  considered  the  following  as  acceptable  indica- 
tions for  bronchodilator  therapy:  (I)  a  possible  history  of 
reversible  airway  obstruction  from  information  in  the  pa- 
tient's chart  (diagnosis  of  COPD  or  asthma,  previous  use 
of  inhaled  corticosteroids  or  bronchodilators).  (2)  the  pres- 


^  Manufacturers  and  suppliers  are  idenlified  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 
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Fig.  2.  Placement  of  metered-dose  inhaler 
and  spacer  cfiamber  in  ventilator  circuit. 
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Dose  of  Bronchodilator  Ordered  by  the  Attending  Physicians 
for  the  54  Patients  in  Our  Study 


Albuterol  Sulfate 

Ipr 

itn 

pi  urn  Bromide 

n 

(puffs) 

(puffs) 

7 

20 

20 

5 

10 

10 

2 

6 

9 

10 

31 

20 

ence  of  auto-PEEP,  and  (3)  the  presence  of  wheezing.  A 
positive  response  to  bronchodilator  therapy  was  defined  as 
a  >  2  cm  HiO  (0.2  kPa)  decrease  in  auto-PEEP,  a  >  4  cm 
HiO  [0.4  kPa]  decrease  in  PIP.  or  a  decrease  in  wheezing. 
If  wheezing  was  judged  subjectively  to  be  decreased  by  ei- 
ther RN  or  RCP,  it  was  recorded  as  decreased.  We  tested 
our  hypotheses  using  chi-square  tests  for  association.^ 

Results 

The  presence  of  one  of  our  indications  for  bronchodila- 
tor therapy  was  strongly  associated  with  a  positive  re- 
sponse (X".  p  <  0.001.  Fig.  3A).  Forty-two  of  54  patients 
(78%)  had  at  least  one  indication  for  the  bronchodilator 
therapy,  17  patients  had  a  positive  history.  17  had  auto- 
PEEP  prior  to  bronchodilator  administration,  and  32  had 
wheezing.  Of  the  12  patients  without  an  indication,  only  I 
(8%)  met  a  response  criterion.  Of  the  42  patients  with  at 
least  one  indication,  27  (64%)  met  at  least  1  of  the  3  re- 
sponse criteria  (wheezing  decreased  in  23  ,  auto-PEEP  de- 
creased >  2  cm  H2O  in  6,  and  PIP  fell  >  4  cm  H2O  in  15). 
The  presence  of  wheezing  prior  to  treatment  was  strongly 
associated  with  a  positive  response  to  bronchodilator  (x~,  p 
<  0.00 1.  Fig.  3B).  Of  the  22  patients  who  were  not  wheez- 
ing prior  to  treatment,  only  5  (23%)  showed  a  decrease  in 
PIP  or  auto-PEEP,  whereas  23  of  the  32  (72%)  who  were 
wheezing  met  at  least  one  of  the  response  criteria.  A  pre- 
sumptive history  of  RAO  was  not  associated  with  a  bron- 
chodilator response  (X",  p  >  0.05,  Fig.  3C).  Nine  of  the  17 
(53%)  patients  who  had  a  positive  history  of  RAO  and 
18/37  (49%)  with  a  negative  history  responded  to  adminis- 
tration of  a  bronchodilator. 

Discussion 

As  we  had  hypothesized,  patients  who  had  no  prior  his- 
tory of  RAO  and  no  auto-PEEP  or  whee/ing  had  no 
change  in  PIP.  Among  patients  who  had  some  history  or 
evidence  of  airway  obstruction,  64%  showed  some  re- 
sponse. Within  the  group  with  some  indication  for  bron- 
chodilators,  the  presence  of  wheezing  on  auscultation  prior 
to  treatment  was  associated  with  a  positive  response,  but 
historical  information  available  from  the  patient's  chart  at 
the  time  ol  inilialioii  of  therapy  was  poorly  associated  will) 


Bronchodilator  Indicated? 
Yes  No 


Yes 


t      No 


27 

1 

28 

15 

11 

26 

42 

12 

54 

X2  =  [(27)(11)]/[(1)(15)]  =  19.0;  p<  0.001 
Conclusion:  There  is  a  significant  association  between  the 
absence  of  indications  for  and  nonresponse  to  inhaled 
bronchodilators  for  patients  who  require  mechanical  venti- 


Wheezing  Present? 


Yes 


No 


Yes 


t      No 


23 

5 

28 

9 

17 

26 

32 

22 

54 

X=  =  [(23)(1 7)]/[(5)(9)]  =  1 1 .0;  p  <  0.001 
Conclusion:  There  is  a  significant  association  between  the 
presence  of  wheezing  and  response  to  inhaled  broncho- 
dilators for  patients  who  require  mechanical  ventilation. 


History  of  RAO" 


Yes 


No 


9 

18 

27 

8 

19 

27 

17 

37 

54 

Yes 


No 


X^  =  [(9)(19)]/[(18)(8)]     1.2;  p>  0.05 
Conclusion:  A  history  of  RAO  is  not  significantly  associat- 
ed with  a  response  to  inhaled  bronchodilators  for  patients 
who  require  mechanical  ventilation. 

Fig.  3.  Two-by-two  data  tables  and  chi-square  statistics  for  broncho- 
dilator indications,  presence  of  wheezing,  or  history  of  RAO  and 
patient  response. 
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a  positive  response  to  bronchodilators.  Our  thresholds  for  a 
positive  response  (decrease  of  auto-PEEP  of  >  2  cm  H^O 
and  decrease  of  PIP  of  >  4  cm  H^O)  were  based  on  our  ob- 
servation that  in  non-paralyzed  patients,  a  variation  of  1-3 
cm  H:0  in  PIP  is  commonly  seen.  In  our  study,  a  retro- 
spective analysis  of  the  patients  without  an  indication  for 
bronchodilators  revealed  no  patient  with  a  PIP  decrease  > 
2  cm  H:0. 

Our  results  should  be  interpreted  with  caution.  We  stud- 
ied only  the  first  bronchodilator  treatment  in  our  patients. 
It  may  be  that  patients  who  failed  to  demonstrate  a  re- 
sponse would  have  done  so  after  subsequent  treatments. 
We  studied  the  response  to  the  doses  of  inhaled  bron- 
chodilator that  our  patients'  primary  physicians  had  or- 
dered. It  is  possible  that  larger  doses  would  have  produced 
a  detectable  response.  However,  the  doses  used  were  in 
keeping  with  current  recommendations'-*  and  with  consid- 
eration for  the  small  fraction  of  the  total  dose  that  is  deliv- 
ered to  the  patient  via  an  endotracheal  tube.'^"  Our  data 
attest  to  the  potential  for  a  positive  response  using  these 
doses. 

It  is  possible  that  a  different  delivery  technique  (eg,  a  jet 
nebulizer)  would  have  produced  a  detectable  response 
when  the  metered-dose  inhaler  did  not.  However,  several 
well-done  studies  have  failed  to  show  any  inherent  superi- 
ority of  nebulizers  to  metered-dose  inhaler  delivery  in  in- 
tubated patients  if  appropriate  doses  of  the  latter  are 
useji. 14,15 

It  is  unlikely  that  placing  the  spacer  device  elsewhere  in 
the  ventilator  circuit  would  have  produced  better  results 
because  prior  work  showed  little  difference  between  plac- 
ing the  spacer  between  the  endotracheal  tube  and  patient 
circuit  and  in  the  inspiratory  limb  at  the  Y-connector. '* 
Rau  et  al'^  also  showed  that  significantly  more  drug  was 
delivered  with  the  spacer  method  when  compared  to  an 
MDI  actuator/adapter  at  the  ETT. 

Our  study  contrasts  with  a  recent  study  by  Manthous  et 
al"  who  found  that  no  improvement  could  be  detected 
when  MDIs  were  used,  even  up  to  100  puffs  of  bron- 
chodilator. That  study  may  have  been  flawed  due  to  the 
elbow-type  actuator/adapter  used.  Elbow  actuator/adapters 
deliver  significantly  less  drug  than  do  spacer  devices."*''^ 

It  is  possible  that  a  more  detailed  medical  history  or  re- 
sults of  prior  pulmonary  function  tests  would  have  enabled 
us  to  predict  which  patients  would  respond.  We  deliberate- 
ly restricted  ourselves  to  the  information  typically  avail- 
able to  the  RCP  administering  aerosol  therapy  to  recently 
intubated  patients — physicial  assessment,  information  in 
the  medical  record  (such  as  diagnosis),  and  personal 
knowledge  of  the  patient.  Such  patients  are  usually  unable 


to  give  a  more  detailed  history  themselves,  and  family 
members  are  often  unavailable. 

Patients  with  COPD  may  or  may  not  demonstrate  a  re- 
versible component  to  their  airflow  limitation  when  they 
are  acutely  ill.  and  this  may  correlate  poorly  with  bron- 
chodilator responsiveness  determined  in  the  laboratory 
during  a  period  of  clinical  stability.  Many  of  these  patients 
may  have  received  multiple  doses  of  bronchodilators  prior 
to  intubation  and  may  have  already  reached  a  maximal  re- 
sponse. We  do  not  recommend  that  bronchodilator  therapy 
be  discontinued  in  patients  with  asthma  or  COPD  who 
have  previously  shown  a  favorable  response  to  bron- 
chodilators, even  if  bronchospasm  was  not  the  reason  for 
intubation,  and  even  if  they  do  not  initially  respond  ac- 
cording to  the  measures  used  in  this  study. 

Despite  these  limitations,  our  study  supports  the  obser- 
vation that  aerosolized  bronchodilators  are  frequently  ad- 
ministered to  patients  who  are  unlikely  to  benefit  from  this 
therapy.  When  bronchodilators  are  prescribed  for  patients 
who  do  not  have  an  obvious  indication,  we  recommend 
empirical  trials  of  therapy,  and  if  there  is  no  detectable  re- 
sponse, continuation  of  the  therapy  may  not  be  warranted. 

Whereas  the  adverse  effects  of  unnecessary  doses  of 
bronchodilators  are  minimal,  the  costs  are  not.  We  ob- 
tained the  billing  records  of  11  of  the  12  patients  in  this 
study  who  had  none  of  our  3  indications  for  therapy. 
Because  actual  costs  may  be  more  relevant  than  patient 
charges,  we  also  calculated  the  actual  costs  to  the  hospital. 
This  was  done  using  a  therapist-time  unit  for  each  treat- 
ment of  15  minutes,  an  entry-level  therapist  hourly  wage, 
and  the  cost  of  albuterol  ($5.97/MDI  cannister)  and  ipra- 
tropium bromide  ($21.78/MDI  cannister)  to  the  hospital. 
However,  these  costs  underestimate  the  total  cost  of  thera- 
py because  other  hospital  costs  like  overhead  and  benefit 
adjustments  to  wages  were  omitted.  The  costs  and  charges 
for  aerosolized  bronchodilator  therapy  while  these  patients 
were  intubated  are  shown  in  Table  2.  In  one  instance 
(Patient  I)  the  total  hospital  charges  exceeded  $4,000.  In 
patients  who  have  no  indication  for  therapy,  significant- 
cost-savings  may  be  realized  by  empirically  stopping  the 
therapy.  If  no  detectable  response  is  .seen  in  such  patients, 
it  would  be  reasonable  to  withhold  further  bronchodilator 
treatments  unless  objective  evidence  of  RAO  emerges. 

Fifteen  of  our  patients  had  at  least  one  indication  but 
showed  no  detectable  bronchodilator  response  after  the 
first  dose  of  medication.  If  we  assume  that  this  lack  of  re- 
sponse would  have  persisted  after  subsequent  doses,  it  may 
be  that  further  cost-savings  would  have  been  possible  by 
stopping  the  therapy. 
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Charges  Gencralcil  fur  Bronchodilator  Administration  in  1 1  Patients  with  No  Indicators  for  This  Therapy  as  Used  in  This  Study* 


Total 

Total 

Number 

Number  of 

Total 

Cost  of 

Cost  of 

Direct 

of 

Puffs  per 

Cost  of 

Ipratropium 

Therapist 

Total 

Hospital 

Patient 

Treatments 

Treatment 

Albuterol  ($)t 

Bromide  (Jit 

Time($) 

Charges  ($) 

Costs  ($)§ 

1 

253 

20 

216.30 

512.40 

4,048.00 

4.776.70 

1.426.51 

2 

170 

20 

144.20 

2,720.00 

2.864.20 

656.50 

3 

15 

20 

20.60 

240.00 

260.60 

61.97 

4 

26 

10 

20.60 

48.80 

416.00 

485.40 

61.97 

5 

10 

10 

10.30 

160.00 

170.30 

39.32 

6 

163 

20 

144.20 

414.80 

2.608.00 

3,167.00 

997.45 

7 

2 

20 

10.30 

32.00 

42.30 

12.64 

8 

1 

20 

10.30 

24.40 

16.00 

50.70 

31.09 

9 

3 

20 

10.30 

48.00 

58.30 

15.98 

10 

12 

20 

10.30 

192.00 

202.30 

45.99 

11 

5 

20 

10.30 

80.00 

90.30 

22.65 

Total 

660 

200 

607.70 

756.40 

10,560.00 

12,168.10 

3.452.31 

Mean 

60 

18 

55.20 

189.10 

960.00 

1.106.19 

313.85 

*Source:  Actual  billed  charges  from  patient  billing  records. 
tAlbuterol  cannister  contains  240  puffs/cannister  C'  billed  cost  of  $10.30  ea. 
^Ipratropium  bromide  cannister  contains  200  puffs/cannister  @  billed  cost  of  $24.40  ea. 

§Derived  from  15  min  therapist  time  unit,  an  entry-level  therapist  wage,  and  the  cost  of  albuterol  ($5.97  ea)  and  ipratropium  bromide  ($21.78  ea)  to  the 
hospital.  Indirect  costs  and  overhead  are  not  included. 


Conclusions 
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Case  Reports 


Noninvasive  Positive  Pressure  Ventilation  in  End-Stage  Cystic  Fibrosis: 

A  Report  of  Seven  Cases 

Raj  Padmaii  MD,  Vinay  M  Nadkarni  MD,  Susan  Von  Nessen  MSN,  and  Jolni  Goodill  MD 

Noninvasive  positive  pressure  ventilation  (NIPPV)  by  nasal  mask  has  been  success- 
fully applied  to  the  management  of  patients  with  chronic  hypercapnic  respiratory 
failure  and  to  patients  with  neuromuscular  disease.  Although  pediatric  and  young 
adult  cystic  fibrosis  (CF)  patients  with  end-stage  disease  exhibit  abnormal  gas  ex- 
change while  awake  and  further  derangement  in  gas  exchange  during  rapid  eye 
movement  sleep,  little  has  been  reported  on  results  of  NIPPV  in  such  patients.  We 
report  our  experience  with  7  CF  patients  (age  9-30  years)  in  whom  clinically  impor- 
tant derangements  in  gas  exchange  were  present  despite  conventional  therapy. 
Application  of  nocturnal  nasal  bi-level  intermittent  positive  pressure  ventilation 
(BiPAP"*')  was  well  tolerated,  improved  respiratory  acidosis  and  the  subjective  sen- 
sation of  dyspnea,  and  was  associated  with  decline  in  respiratory  rates  and  im- 
proved quality  of  sleep  and  capacity  to  perform  activities  of  daily  living.  On  the 
basis  of  our  experience,  we  believe  that  nocturnal  NIPPV  may  be  effective  as  a 
bridge  between  worsening  of  ventilation  and  transplantation  for  pediatric  and 
young  adult  patients  with  cystic  fibrosis.  [Respir  Care  1994;39(7):736-739.1 


Introduction 

Heart-lung  transplantation  for  patients  with  end-stage 
cystic  fibrosis  (CF)  is  becoming  established.'-  The  results 
are  encouraging  and  compare  favorably  with  results  in  pa- 
tients without  CF  who  undergo  heart-lung  transplanta- 
tion.'"* Positive  pressure  ventilation  applied  noninvasively 
(NIPPV)  with  a  nasal  mask  has  been  utilized  successfully 
both  in  acute  and  chronic  respiratory  failure  of  various  eti- 
ologies."' '"  We  have  previously  reported  success  with  this 
treatment  modality  in  pediatric  neuromuscular  patients 
with  both  acute  and  chronic  respiratory  insufficiency." 
Because  of  our  previous  experience  with  both  negative 
pressure  ventilation  and  bi-level  positive  airway  pressure 
ventilation,  we  decided  to  offer  NIPPV  via  BiPAP'^' 
(Respironics  Inc.  Murrysville  PA)  when  we  are  faced  with 
end-stage  CF  patients  who  are  awaiting  lung  transplanta- 
tion. NIPPV  appears  to  offer  a  less  cumbersome,  less 
labor-intensive  method  of  supporting  gas  exchange  ihal 
also  allows  patient  mobility  unlil  a  transplant  organ  bc- 
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comes  available.  Nocturnal  NIPPV  stabilizes  adult  pa- 
tients with  CF  and  hypercapnic  respiratory  failure.*'  The 
beneficial  effects  of  this  treatment  modality  for  end-stage 
CF  patients  with  impaired  gas  exchange  who  await  lung 
transplantation  are  just  beginning  to  be  explored. - 

We  repoit  our  experience  with  NIPPV  management  of 
seven  pediatric  and  young  adult  CF  patients. 

Methods 

Candidates  for  NIPPV  were  CF  patients  whose  diagno- 
sis had  been  confirmed  by  two  positive  sweat  tests  and 
who  were  considered  to  have  end-stage  disease  and  to  be 
candidates  for  lung  transplantation  (FEVi  <  309^  in  boys 
and  men  and  <  35%  in  girls  and  women).  They  had  devel- 
oped symptoms  and  signs  of  chronic  hypercapnic  respira- 
tory failure  and  derangement  in  gas  exchange  documented 
on  arterial  blood  gases  by  hypoxemia  (P:,();  <  60  torr)  and 
hypercarbia  (P^co: ^  -"^5  ton).  All  patients  were  admitted  to 
ihe  hospital  and  begun  on  standard  treatment  for  complica- 
tions associated  with  CF,'-  including  intravenous  antibi- 
otics, bronchodilator  aerosol  treatments,  chest  physical 
therapy,  and  nutritional  assessment  and  supplementation. 

Since  December  1990.  ventilation  by  BiPAP"^'  has 
hecti  approved   for  use  as  a  sup|iorti\e  tuoiialily  at  llie 
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Alfred  I  duPont  Institute  for  pediatric  patients  with  chronic 
respiratory  failure  who  suffer  an  acute  or  progressive  dete- 
rioration in  gas  exchange,  with  the  goal  of  avoiding  short- 
and  potentially  long-term  ventilation  with  an  artificial  air- 
way. Informed  consent/assent  for  NIPPV  was  obtained  for 
all  patients  and  was  initiated  on  the  pediatric  general  care 
floor.  All  patients  were  monitored  continuously  by  pulse 
oximetry.  The  nasal  mask  was  gently  introduced  over  the 
nasal  bridge,  initially  with  no  flow.  NIPPV  in  spontaneous 
mode  was  initiated  with  peak  inspiratory  pressure  (PIP,  or 
IPAP)  at  5  cm  H2O  and  positive  end-expiratory  pressure 
(PEEP,  or  EPAP)  at  3  cm  H2O,  and  adjusted  as  needed  in 
2-cm  H2O  increments,  guided  by  clinical  assessment  of 
patient  comfort,  breathing  pattern,  breath  sounds  and  chest 
excursion,  and  pulse  oximeter  monitoring  of  oxygenation. 
In  patients  with  acute  exacerbations,  NIPPV  was  used  con- 
tinuously for  72  hours.  In  patients  with  chronic  stable  res- 
piratory acidosis,  NIPPV  was  used  nocturnally  for  6  to  10 
hours/night  for  as  long  as  15  months. 

Subjective  assessments  made  prior  to  and  after  initia- 
tion of  NIPPV  included  determination  of  degree  of  dysp- 
nea, activity  tolerance  (bedbound,  activities  of  daily  living, 
school),  sleep  pattern  (restless,  comfortable,  daytime  som- 
nolence), morning  headache  frequency,  work  of  breathing 
(heart  rate,  respiratory  rate,  accessory  muscle  use),  and 
need  for  supplemental  oxygen  (SpO:  =  93%).  Objective  as- 
sessments of  pulmonary  function,  gas  exchange,  plasma 
bicarbonate  pool,  and  outcome  were  obtained  by  chart  re- 
view and  follow-up  visits.  Statistical  analysis  of  pre-  and 
post-treatment  ventilatory  variables  were  assessed  using 
paired  t  test  for  differences  in  Pco:'  HCOJ,  and  respiratory 
rates.  Results  are  presented  as  mean  ±  standard  deviation 
and  standard  error  of  mean. 

Results 

From  1990  through  1993,  seven  patients  with  end-stage 
CF  (ages  9-30  years,  male-female  ratio  2:5)  were  noninva- 
sively  ventilated.  Five  patients  were  enlisted  while  await- 
ing lung  transplantation  and  two  patients  during  acute  res- 
piratory deterioration.  The  objective  and  subjective  clini- 
cal characteristics  of  these  patients  in  relation  to  NIPPV 
use  are  reported  in  Figure  1  and  Table  I . 

All  patients  had  clinically  important  derangement  in 
gas  exchange  that  persisted  despite  conventional  therapy 
with  appropriate  antibiotics  (determined  by  sensitivity  of 
Pseudomonas  and  Staphylococcus  species),  bronchodila- 
tor  aerosol  therapy,  chest  physical  therapy,  and  nutritional 
support.  NIPPV  with  mean  (SD)  inspiratory  pressure  10 
(3.7)  and  mean  (SD)  expiratory  pressure  3.4  (1.3)  was  uti- 
lized for  up  to  72  hours  continuously  and  was  thereafter 
converted  to  primarily  nocturnal  use  to  combat  chronic 
respiratory  acidosis. 


50- 
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Fig.  1.  Values  are  mean  ±  standard  deviation  (SD)  and  bars  are 
mean  +  standard  error  of  tfie  mean  (SEM)  values  for  Paco^- 
HC03~,  and  respiratory  rate  in  7  patients  with  end-stage  cystic  fi- 
brosis, before  and  after  D  periods  of  noninvasive  positive  pres- 
sure ventilation  by  nasal  mask. 


Each  patient  tolerated  NIPPV  well  and  demonstrated 
improvement  in  ventilation  documented  by  a  clinically  im- 
portant decline  in  Paco:.  serum  bicarbonate  concentra- 
tions, and  respiratory  rates  as  depicted  in  Figure  1 .  There 
was  relief  of  severe  dyspnea  with  decline  in  respiratory 
rates,  improvement  in  ventilation,  less  use  of  accessory 
muscles,  subjective  improvement  in  headache  frequency 
and  sleep  pattern,  and  improvement  in  performance  of 
daily  activities.  In  patients  with  chronic  respiratory  acido- 
sis, NIPPV  was  used  nocturnally  and  allowed  a  near-nor- 
mal daytime  lifestyle,  with  resolution  of  acidosis.  Patients 
were  cared  for  in  a  nonintensive  care  unit  setting. 

They  maintained  the  ability  to  ambulate,  communicate, 
and  eat  and  drink  normally.  None  required  an  indwelling 
airway  or  pharmacologic  sedation.  The  total  number  of 
hospital  days/month  in  the  year  prior  to  NIPPV  compared 
with  days/month  after  institution  of  NIPPV  and  before 
transplant  was  6.9  days  vs  1.8  days/month/patient.  In  five 
patients,  NIPPV  acted  as  a  bridge  to  transplantation,  sus- 
taining life  froin  3  weeks  to  15  months.  Two  patients  died 
while  being  supported  by  NIPPV  for  acute  exacerbations. 
NIPPV  was  used  from  3  weeks  to  15  months  in  Patients  I 
through  5  while  they  awaited  donor  organs.  Of  the  5  pa- 
tients, 4  patients  had  successful  transplants  and  1  patient 
died  after  15  months  of  NIPPV,  before  a  donor  organ 
could  be  obtained.  NIPPV  maintained  a  near-normal  quali- 
ty of  life  for  these  patients. 

We  reviewed  retrospectively  the  pulinonary  function 
tests  of  the  5  patients  in  whom  results  were  available. 
Some  improvement  was  noted  in  only  2  of  these  (5%, 
Patient  5;  17%,  Patient  I).  The  others  had  the  progressive 
decline  seen  routinely  in  CF  patients  with  end-stage  dis- 
ease. 
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Table  I .      Variables  in  Seven  End-Stage  Cystic  Fibrosis  Patients  before  and  after  Noninvasive  Positive  Pressure  Ventilation 


Patient  I 

Patient  2 

Patient  3 

Patient  4 

Patient  5 

Patient  6 

Patient  7 

Variable 

Pre- 

Post- 

Pre-    Post- 

Pre- 

Post- 

Pre- 

Post- 

Pre-  Post- 

Pre-    Post- 

Pre-  Post- 

Dyspnea 

+ 

— 

-I-        — 

+ 

— 

-1- 

— 

-1-        — 

+       — 

■f        — 

Accessory  muscle  use 

+ 

— 

++     — 

++ 

+ 

-I-+ 

+ 

++      + 

++     + 

++      + 

Respiratory  rate 

32 

20 

34      24 

48 

32 

36 

22 

36      24 

36       28 

38       32 

Sternal  retractions? 

+ 

— 

++      + 

-t-i- 

+ 

-1- 

+ 

++      + 

+       — 

-1-        — 

Bedbound? 

+ 

— 

+        — 

+ 

+ 

-^ 

— 

+        — 

+       + 

+        + 

SpO:<93% 

+ 

— 

+        — 

+ 

+ 

-1- 

— 

+        — 

+       — 

+        + 

Supplemental  O:  (L/min) 

5 

0 

4.5     0.5 

2.5 

2.5 

4 

2 

3        5 

3       3 

0.5      2 

Transplant? 

Yes, 

after 

Yes,  after 

Yes,  after 

No, 

awaited 

Yes,  after 

Delivered 

NL 

5  months 

10  months 

3  weeks 

donor  organ  for 

10  months 

baby,  awake. 

15  months 

able  to  hold 

infant  & 

interact  with 

^ 

family 

Days  to  hospital 
discharge  (time) 


133      9 
(5  mo) 


NA  (expired)        N A  (expired) 


+  =  moderate;  ++  =  severe;  —  =  absent. 
NA  =  not  applicable;  NL  =  not  used. 


Discussion 

The  use  of  conventional  mechanical  ventilation  with 
placement  of  an  invasive  ailificial  airway  (eg.  endotra- 
cheal or  tracheostomy  tube)  is  not  without  risk  in  patients 
frequently  infected  with  gram-negative  organisms  who 
have  severe  airflow  obstruction.  Mechanically  ventilated 
CF  patients  have  a  prolonged  postoperative  course.'  Neg- 
ative pressure  devices  have  a  number  of  limitations,  includ- 
ing bulk,  difficulty  in  fit,  patient  discomfort,  promotion  of 
vocal  cord  closure,  and  upper  airway  obstruction.'"  '■* 

During  nasal  NIPPV,  spontaneous  inspiratory  effort  is 
reduced.'''  In  theory,  respiratory  muscle  energy  expendi- 
ture and  work  of  breathing  are  also  decreased.  Im- 
provement in  respiratory  muscle  strength,  cough  efficacy, 
and  clearing  of  secretions  has  been  reported  in  CF  patients 
on  NIPPV,'  although  nasal  PPV  has  been  shown  to  be  less 
effective  in  kyphoscoliosis  patients  particularly  those  with 
severe  hypercapnia."'  All  of  our  patients  had  documented 
hypercapnia,  which  improved  with  NIPPV.  None  of  our 
patients  exhibited  any  complications  related  to  skin  break- 
down over  the  nasal  bridge  or  complications  related  to 
barotrauma.  None  of  our  patients  experienced  hypotension 
or  pneumothorax,  which  are  potential  complications  of 
positive  pressure  ventilation  especially  if  IPAP  is  =  20  cm 
H2O."  In  patients  with  emphysematous  blebs,  great  cau- 
tion and  careful  surveillance  for  pneumothorax  should  be 
maintained  even  with  lower  pressures. 

Although  we  did  not  study  the  cost-effectiveness  of 
NIPPV  relative  to  conventional  ventilation  for  end-stage 
CF,  we  believe  it  to  be  cost-effective  because  il  can  be 


maintained  in  the  home,  precluding  the  ongoing  utilization 
of  expensive  hospital  and  intensive  care  resources  that  are 
usually  associated  with  tracheostomy  and  mechanical  ven- 
tilation. NIPPV  improves  patient  comfort,  decreases  the 
need  for  ancillary  care,  and  is  without  the  physical  and 
psychological  trauma  associated  with  tracheal  cannulation 
and  ventilation.  In  CF  patients  with  acute  exacerbations 
marked  by  pulmonary  deterioration  who  have  not  already 
enlisted  for  organ  transplantation,  use  of  noninvasive  ven- 
tilatory modes  may  allow  palliation  until  enlistment  and 
organ  procurement  issues  can  be  resolved.  Whether 
NIPPV  will  facilitate  recovery  from  acute  exacerbations  in 
CF  patients  with  advanced  disease  requires  further 
prospective  study.  NIPPV  used  perioperatively  during 
transplant  may  decrease  morbidity.  In  addition,  whether 
this  treatment  modality  will  retard  deterioration  in  lung 
function  in  patients  with  advanced  CF  is  yet  to  be  deter- 
mined. 

A  prospective,  randomized,  controlled  study  is  needed 
to  determine  the  ability  of  NIPPV  to  retard  deterioration  of 
lung  function,  to  provide  support  during  the  perioperative 
period  of  heart-lung  transplantation,  and  to  support  CF  pa- 
tients with  acute  exacerbations.  The  prospects  for  respira- 
tory muscle  rest,  caloric  conservation,  and  improved  gas 
exchange  without  the  prolonged  need  for  an  indwelling  ar- 
tificial airway  are  encouraging. 

Conclusion 

We  believe  that  our  report  is  the  first  involving  NIPPV 
for  pediatric  and  young  adult  CF  patients.  In  end-stage  pe- 
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diatric  and  young  adult  CF  patients  with  significantly  im- 
paired gas  exchange  awaiting  lung  transplantation,  appli- 
cation of  nasal-mask  NIPPV  improved  oxygenation,  venti- 
lation, chronic  respiratory  acidosis,  subjective  sensation  of 
dyspnea,  quality  of  sleep,  and  capacity  to  perform  activi- 
ties of  daily  living.  It  sustained  life  while  patients  awaited 
lung  transplant  for  periods  of  3  weeks  to  15  months.  These 
benefits  were  attained  in  the  general  care  hospital  environ- 
ment rather  than  in  the  intensive  care  unit.  Additional 
prospective,  controlled,  and  randomized  studies  are  need- 
ed to  confirm  the  beneficial  use  of  this  treatment  in  CF  pa- 
tients during  acute  exacerbations  and  in  patients  with  end- 
stage  disease  awaiting  lung  transplantation. 
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Special  Articles 


One  Respiratory  Care  Department's  Contribution  to  the  'Bottom  Line' 

LLvnnLeBouefBS  RCP  RRT 


BACKGROUND:  Although  many  hospital  departments  that  were  revenue  produc- 
ers have  become  cost  centers  and  revenues  above  expenditures  have  shrunk,  some 
departments  continue  to  contribute.  METHODS:  I  analyzed  the  flnancial  state- 
ments of  our  240-bed,  not-for-profit  hospital  to  determine  the  Respiratory  Care 
Department's  actual  contribution  to  the  hospital's  'bottom  line'  {ie,  revenue  above 
expenditures).  The  Respiratory  Care  Department's  financial  statement,  the 
Hospital's  profit  and  loss  statement,  and  the  financial  statements  for  all  54  hospital 
departments  were  reviewed.  RESULTS:  Analysis  revealed  that  the  Respiratory 
Care  Department's  revenue  dollar  contributed  $0,095  to  the  hospital  bottom  line 
for  each  revenue  dollar  generated.  Analysis  also  demonstrated  that  the  break-even 
contribution  margin  for  revenue  departments  was  76.77%.  Departments  with  con- 
tribution margins  greater  than  76.77%  were  revenue  contributors  and  those  de- 
partments with  less  than  76.77%  were  cost  centers.  CONCLUSIONS:  The 
Respiratory  Care  Department  was  the  hospital's  largest  revenue  contributor,  gen- 
erating 42.8%  of  the  hospital's  revenue  above  expenditures.  In  today's  health-care 
environment,  it  is  sound  fiscal  reasoning  to  control  cost  and  to  strengthen  those  de- 
partments and  services  that  are  responsible  for  the  financial  viability  of  the  institu- 
tion. The  results  of  this  study  show  that  our  Respiratory  Care  Department  has  as- 
sumed the  leadership  role  in  the  economic  viability  of  our  hospital  and  is  its  most 
cost-efficient  contributor  to  health  care.  [Respir  Care  1994;39(7):740-745.] 


Background 

For  the  past  10  years,  hospital  executives  and  depart- 
ment managers  have  struggled  with  the  reality  of  tradition- 
al revenue-producing  departments'  becoming  cost 
centers.'  Hospitals  have  watched  their  "bottom  line'  (ie. 
revenue  above  expenditures)  shrink  to  an  average  of  2-3% 
of  revenue  generated  as  illustrated  in  Figure  1.-  Although 
we  have  watched  hospital  net  revenue  decrease,  it  makes 
sense  that  the  bottom  line  is  being  generated  by  some 
source  or  sources  within  the  institution.  It  was  with  this  in 
mind  that  I  undertook  an  analysis  of  the  Respiratory  Care 
Department  of  our  24()-bed,  not-for-profit  hospital  and 
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quantitated  the  Department's  contribution  to  the  Hospital's 
revenue  above  expenditures. 

Methods 

Three  documents  were  obtained  from  the  institution 
and  studied  for  the  financial  analysis:"*  (1)  the  1993 
Financial  Statement  for  the  Respiratory  Care  Department 
for  fiscal  year  ending  June  30.  1993;  (2)  the  Profit  &  Loss 


Operating 
Expenses 


Contractual 
Write-off 


Net  Revenue 


Fig.  1 ,  Typical  allocation  of  hospital  revenue. 
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Statement  (P  &  L)  for  the  Hospital  for  the  fiscal  year  end- 
ing June  30,  1993;  and  (3)  the  1993  financial  statements  of 
ail  hospital  departments  for  the  fiscal  year  ending  June  30, 
1993.  For  simplicity,  revenue  was  factored  to  become 
$1.00.  All  expenses  were  factored  to  become  a  percentage 
of  each  revenue  dollar  generated. 

The  Respiratory  Care  Department  and  its  associated  de- 
partment-controlled expenses  were  reviewed  first.  De- 
partment-controlled expenses  were  defined  as  those  ex- 
penses directly  related  to  the  operation  of  the  Respiratory 
Care  Department  (eg,  salaries  and  wages,  departmental 
supplies,  equipment  rental,  and  repair  and  maintenance). 

The  Hospital's  P  &  L  was  then  reviewed  to  determine 
contractual  and  other  deductions  from  revenue  and  those 
operational  expenses  that  were  associated  with  the  general 
operation  of  the  hospital.  The  term  operational  expenses 
was  defined  as  those  expenses  that  were  not  department- 
specific  that  were  incurred  by  the  hospital  in  normal  day- 
to-day  operation  of  the  institution  and  not  already  included 
in  individual  departmental  financial  statements  (eg,  em- 
ployee benefits,  collection  and  legal  fees,  general  and  mal- 
practice insurance,  public  relations  costs,  utilities,  physi- 
cian recruitment  expense.  JCAHO  compliance  expenses, 
postage,  accounting  fees,  and  costs  of  utilization  review). 
These  expenses  generally  fell  under  the  budget  heading  of 
Administrative  Services  but  had  hospital-wide  rather  than 
department-specific  implications. 

The  Hospital's  P  &  L  was  also  reviewed  for  those  non- 
operational  expenses  that  were  not  associated  with  the 
general  operation  of  the  hospital.  Nonoperational  expenses 
were  defined  as  those  expenses  associated  with  deprecia- 
tion, amortization,  and  interest  paid  to  retire  hospital 
bonds. 

The  financial  statements  of  all  54  hospital  departments 
were  then  reviewed  to  determine  those  departments  that 
could  be  classified  as  revenue-producing  and  those  that 
could  not.  Revenue-producing  departments  are  allowed  to 
stand  on  their  own  in  regard  to  profitability  and  their  asso- 
ciated expenses.  However,  revenue-producing  depart- 
ments must  generate  the  revenue  to  pay  the  associated  ex- 
penses from  departments  that  do  not  produce  revenue. 
Eighteen  departments  that  do  not  produce  revenue  were 
identified  from  their  financial  statements.  All  revenue-pro- 
ducing departments  were  evaluated  to  determine  their  rela- 
tive contributions  to  the  hospital's  revenue  above  expenses. 

Results 

Respiratory  Care  Department 

The  Respiratory  Care  Department's  financial  statement 
for  fiscal  1993  revealed  a  gross  revenue  of  $6,174,638 
with  associated  "department-controlled"  expenses  of 
$846,614  or  13.7%  of  each  revenue  dollar  generated.  A 


6.6% 
$55,654,00 


Fig,  2,  Results  of  analysis  of  Respiratory  Care  Department- 
controlled  expenses,  ■=  salary  and  wages;  W=  supplies; 
other;Bi  =  equipment  rental;      =  repair  and  maintenance. 


breakdown  of  these  department-controlled  expenses  is 
shown  in  Figure  2.  Gross  revenue  was  then  factored  to  be 
equal  to  $1.00  with  the  associated  expenses  factored  to  be 
equal  to  $0,137,  yielding  a  contribution  margin  of  86.3% 
as  shown  in  Figure  3  A.  Therefore,  for  every  dollar  that  this 
Respiratory  Care  Department  generates,  it  spends  $0,137 
on  the  functional  operation  of  the  department  and  con- 
tributes $0,863  cents  to  the  hospital  for  use  in  covering 
other  hospital  expenses. 

It  should  be  noted  that,  although  the  Respiratory  Care 
Department  was  the  focus  of  this  study,  any  revenue-pro- 
ducing department  could  be  inserted  into  the  model  at  this 
point  to  determine  its  profitability  and  contribution.  The 
other  expenses,  categorized  below,  are  hospital-wide  ex- 
penses, and  the  same  deductions  from  revenue  would 
apply  to  all  revenue-producing  departments. 

Contractual  Deductions  from  Revenue 

The  Hospital  P  &  L  for  fiscal  1993  was  reviewed  for 
contractual  write-offs  and  other  deductions  from  revenue. 
Actual  contractual  deductions  were  factored  as  a  percent- 
age of  gross  hospital  revenue  from  the  P  &  L  and  are 
shown  in  Table  I.  Example:  Gross  hospital  revenue  was 
determined  to  be  $68,813,699  with  a  Medicare  contractual 
write-off  agreement  of  $16,769,496.  Dividing  the  amount 
of  the  Medicare  write-off  by  the  gross  revenue  revealed 
that  24.3%  of  each  revenue  dollar  generated  was  written 
off  to  Medicare.  The  same  was  done  with  the  other  con- 
tractual- and  revenue-deduction  categories  of  the  P  &  L. 
This  showed  a  total  deduction  from  revenue,  including 
contractual,  of  35.7%  of  each  revenue  dollar  generated. 
When  this  $0,357  in  contractual  write-off  is  combined 
with  the  $0,137  in  Respiratory  Care  Department  expense, 
the  Respiratory  Care  revenue  dollar  is  now  worth  $0,506 
as  illustrated  in  Figure  3B. 
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Total  Expenses 

13.7% 

$846,614 


p  Departmental 

Expense 

13.7% 


Net  Revenue 

86.3% 

$5,328,024 


Net  Revenue 
27  3% 


Hospital  Expense 
23.3% 


Net  Revenue 
9.5% 


Departmental  Expense 
13.7% 


Fig.  3.M=  net  revenue;  =  departmental  expense;  =  contractual  expense;  ■=  hospital  expense;  =  expense  from  departments  not 
producing  revenue.  A.  Breakdown  of  department-controlled  expenses  vs  revenue  for  ttie  Respiratory  Care  Department.  B.  Effect  of 
contractual  deductions  and  department  expense  on  Respiratory  Care  Department's  revenue.  C.  impact  of  hiospital-wide  expense  on 
Respiratory  Care's  revenue  dollar.  D.  Net  revenue  from  Respiratory  Care's  revenue  dollar  after  all  expenses  were  deducted. 


Table  I .      Contractual  Deduction.s  from  Revenue 


Contractual  Source 


Medicare 

Medicaid 

Blue  Cross 

Doubtful  accounts 

Charity 

Workman's  Compensation 

PPO*  discounts 

Courtesy  write-off 

Total  Contractual  Deduction 


*PPO  =  preferred  provider  organization. 


Deduction  Percent 
(of  total  revenue) 


24.3% 
1.9% 
0.9% 
3.7% 
0.7% 
02% 
3.5% 
0.5% 

35.7% 


Operational  Kxpcnse 

It  was  noted  in  the  P  &  I-  lluit  employee  beiielils  were 
not  assigned  to  the  indivitlual  ilepailineiils  in  wiiieh  they 


were  incurred  but  rather  were  grouped  into  an  operational- 
expense  category  of  the  hospital  as  a  whole.  The  largest 
costs  associated  with  employee  benefits  are  group  medical 
insurance  and  the  employer's  contribution  to  the  employee 
pension  plan.  Other  benefit  expense  included  unemploy- 
ment tax,  worker's  compensation  insurance,  and  other 
miscellaneous  benefits.  Total  cost  of  employee  benefits 
was  calculated  to  be  4.24%  of  each  revenue  dollar  generat- 
ed (Table  2). 

Other  operational  expenses  totaling  7.84%  of  each  re- 
venue dollar  generated  were  noted  from  the  P  &  L.  These 
expenses,  in  descending  order  of  expense,  included  utili- 
ties, physician  recruitment  and  advertising,  malpractice  in- 
surance, general  insurance,  accounting  and  legal  fees  asso- 
ciated with  external  financial  audits  and  general  legal  is- 
sues, collection  cost,  public  relations,  postage,  JCAHO 
expense,  bond  trustee  expense,  board-of-directors  ex- 
pense, credit  card  commission,  exienial  iilili/ation  review. 
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ambulance  services,  and  other  miscellaneous  expenses  as- 
sociated with  the  day-to-day  operation  of  the  institution. 
This  expense  category  is  also  noted  in  Table  2. 

Nonoperational  Expense 

I  also  noted  on  the  P  &  L  a  separate  category  for  nonop- 
erational expense.  This  expense  was  split  into  (1)  interest 
expense  and  (2)  depreciation  and  amortization.  The  inter- 
est expense  was  the  expense  incurred  to  retire  hospital 
bonds  issued  to  finance  construction.  Depreciation  and 
amortization  are  part  of  the  normal  accounting  procedure 
and  are  self-explanatory.  Interest  expense  was  found  to  be 
5.62%  of  each  revenue  dollar  generated.  Depreciation  and 
amortization  were  determined  to  be  5.6%.  Total  nonoper- 
ating  expense  was  therefore  1 1.22%  of  each  revenue  dollar 
generated,  as  noted  in  Table  2. 

Table  2.      Total  Hospital-Wide  Expense:  Percentage  of  Each  Revenue 
Dollar  Generated 


Table  3.      Hospital  Departments  That  Do  Not  Produce  Revenue 


Expense  Category 


Percent  of  Revenue 


Employee  benefits 
Other  expenses 
Nonoperating  expenses 

Total  Hospital  Expense 


4.24% 
7.84% 
11.22% 

23.3% 


When  the  $0,233  in  total  operating  and  nonoperating 
expense  (Table  2)  is  added  to  the  $0,357  in  contractual  de- 
ductions and  the  $0,137  in  Respiratory  Care  Department 
expense,  the  Respiratory  Care  revenue  dollar  is  now  worth 
$0,273  cents  as  illustrated  in  Figure  3C. 

Expenses  of  Departments  Not  Producing  Revenue 

Salaries,  departmental  supplies,  purchased  services,  and 
equipment  rental  have  not  been  considered  as  hospital  ex- 
penses except  for  those  expenses  incurred  by  the  Res- 
piratory Care  Department  and  listed  on  its  financial  state- 
ment as  shown  in  Figure  2.  This  was  done  to  allow  each 
revenue-producing  department  to  be  evaluated  on  the  basis 
of  the  individual  expenses  incurred  by  that  department. 
However,  revenue-producing  departinents  must  generate 
the  revenue  to  cover  expenses  of  departments  that  do  not 
produce  revenue. 

The  financial  statements  of  all  54  hospital  departments 
were  reviewed  to  determine  which  departments  could  be 
classified  as  revenue  producing  and  which  as  nonrevenue 
producing.  Of  the  54  departments  reviewed,  18  did  not 
produce  revenue  as  determined  by  the  fact  that  no  revenue 
appeared  on  either  their  departmental  financial  statements 
or  departmental  budgets.  These  departments  are  identified 
in  Table  3.  From  the  financial  statements  of  these  18  de- 
partments. I  determined  that  the  expenses  of  the  depart- 


Administration 
Nursing  Administration 
Human  Resources 
Social  Services 
Administrative  Services 
Quality  Assurance 
Education 
Public  Relations 
Business  Office 


Accounting 
Data  Processing 
Dietary  Services 
Housekeeping 
Laundry 

Medical  Records 
Plant  Operation 
Biomedical  Engineering 
Outpatient  Services 


ments  that  did  not  produce  revenue  were  the  source  of 
34.0%  of  the  total  operating  expense  of  the  hospital  (Fig. 
4).  The  expenses  included  salaries,  departmental  supplies, 
purchased  services,  repair  and  maintenance,  equipment 
rental,  education,  and  other  miscellaneous  expenses  asso- 
ciated with  departmental  operation.  Operational  expenses 
already  accounted  for  in  the  P  &  L  (eg,  utilities,  JCAHO 
expense,  general  and  malpractice  insurance)  were  deduct- 
ed from  the  individual  departmental  financial  statements 
and  not  counted  twice.  When  the  expense  of  departments 
not  producing  revenue  was  factored  in  as  a  percentage  of 
each  revenue  dollar  generated  during  that  fiscal  year,  it  re- 
vealed that  17.8%  of  each  revenue  dollar  generated  went  to 
meet  the  expenses  of  departments  that  do  not  produce  rev- 
enue. 


Fig.  4.  Contribution  ot  revenue-producing  departments  ■  vs 
contribution  of  departments  that  do  not  produce  revenue  to 
total  operating  expenses. 

When  this  $0,178  in  expense  for  nonrevenue-producing 
departments  is  added  to  the  $0,233  in  hospital  expense, 
the  $0,357  in  contractual  deduction  and  the  $0,137  in  res- 
piratory care  departmental  expense,  the  Respiratory  Care 
revenue  dollar  is  now  worth  $0,095  as  illustrated  in  Figure 
3D. 

Revenue-Producing  Department  Break-Even  Point 

If  the  Respiratory  Care  Department  had  a  contribution 
margin  of  86.3%  of  each  revenue  dollar  generated  and 
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only  contributed  9.5?>'7r  of  each  revenue  dollar,  or  $0,095. 
to  the  hospital  bottom  line,  then  the  break-even  contribu- 
tion margin  for  revenue-producing  departments  is  76.77% 
(86.3%  -  9.5?i7r  =  76.777r).  Those  departments  with  a 
contribution  margin  greater  than  76.77%  are  contributing 
revenue  to  the  hospital  bottom  line.  Those  departments 
with  a  contribution  margin  less  than  76.77%  are  effective- 
ly cost  centers. 

The  top  10  revenue-producing  departments  and  their  as- 
sociated contribution  margins  are  listed  in  Table  4.  You 
will  note  that  of  the  10  highest  revenue-producing  depart- 
ments in  the  hospital,  only  4  have  a  contribution  margin 
greater  than  76.77%. 

Tahle4,      The  Top   10  Revenue-Producing  Deparlments  in  the  Study 
Hospital 


Department 


Revenue 


Contribution 
Margin* 


Pharmacy 
Laboratory 
Respiratory  Care 
Nursing  .Service 
Central  Supply 
Outpatient  Surgery  Center 
Radiology 
Rehabilitation 
Dperating  Room 
Computed  Tomography 


$9.62n..'S4S 
$7.S39.139 
$6.  U.S.  I, "^S 
$5,610.88."^ 
$4.416,4,^^ 
$4,290,000 
$3.64.^.266 
$3,131,700 
$2,624,000 
$1,673,576 


77.9% 
77.5% 
86.3% 
58.8% 
52.9% 
68.2% 
72.9% 
43.2% 
67.8% 
85.2% 


*Contribution  margin  =  gross  revenue  -  operations  expenses. 


Table  .S  lists  the  top  10  departmental  contribution  mar- 
gins and  their  associated  revenues.  These  are  the  depart- 
ments that  are  effectively  generating  the  revenue  in  excess 
of  expense.  Because  76.77%  is  the  break-even  contribu- 
tion margin  for  revenue-producing  departments,  the  per- 


centage contribution  margin  above  the  76.77%  break-even 
would  be  the  percentage  of  revenue  contributed  to  the  hos- 
pital bottom  line.  Table  6  lists  the  top  10  contributors  of 
revenue  to  hospital  profitability  in  descending  order. 

Table  5.      The  Top  10  Departmental  Contribution  Margins 


Department 


Contribution  Margin 


EKG  94.2% 
Noninvasive 

Cardiovascular  Laboratory  90.0% 

Cardiac  Stress  Testing  89. 1  % 

Laser  Surgery  89.0% 

Respiratory  Care  86.3% 

Computed  Tomography  85.2% 
Ultrasound                                          •      84.9% 

Endoscopy  8 1 .4% 

Nuclear  Medicine  77.9% 

Anesthesia  77.7% 


$  818,990 
$  311,133 
$  122,400 
$6,145,158 
$1,673,576 
$  604,421 
$  916.900 
$  604.421 
$  378.625 


Discussion 

As  Table  6  illustrates,  the  Respiratory  Care  Department 
was  the  largest  contributor — $585,634.00  (which  was 
42.8%  of  the  total  revenue  above  expenses) — to  the  hospi- 
tal's profitability  in  fiscal  1993.  I  know  of  no  sound  fiscal 
reasons  for  taking  one  of  the  most  efficient  departments 
and  the  largest  contributor  to  hospital  profitability  and  dis- 
bursing its  resources  to  other  departments.  This  study  has 
shown  that  respiratory  care  departments  may  not  always 
be  the  cost  centers  that  some  would  have  us  believe. 
However,  this  does  not  relieve  us  of  our  responsibility  to 
be  cost-efficient.  As  the  health-care  reimbursement  "belt" 
tightens  and  hospital  profitability  shrinks  from  the  present 
2-3%  to  1  -2%  or  less,  we  must  be  aggressively  proactive  in 
cost  control  and  in  strengthening  our  fiscal  position  within 
the  hospital.  We  must  be  aggressively  pursuing  therapist- 


Table  6.      The  Top  10  Contributors  to  Hospital  Revenues  above  Expenditures,  or  Bottom  Line* 


Department 


Contribution 

Gross 

Contribution  Above 

Contributinj 

Margin 

Revenue 

Break-Even 

Revenue 

86.3% 

$6,14.5.158 

9..53% 

$585,6.34 

94.2% 

$1,211,324 

17.43% 

$211.1.34 

85.2% 

$1,673,576 

8.43% 

$141,082 

77.9% 

$9.620,.548 

1.13% 

$108,712 

90.0% 

$    818,990 

13.23% 

$I08,.V52 

77.5% 

.$7,8.39.1.39 

0.73% 

$  57,226 

84.97r 

$  604.421 

8.13% 

$49.1.39 

81.4% 

$  916,900 

4.63% 

$  42,452 

89. 1  % 

$  311.133 

12..33% 

$  38,363 

89.09!- 

$   122,400 

12.23% 

$  14,970 

Respiratory  Care 

EKG 

Computed  Tomography 

Pharmacy 

Noninvasive  Cardiovascular 

Laboratory 
Laboratory 
tUlrasound 
Endoscopy 
Cardiac  Stress  Lab 
Laser  Surgery 


'Hospital  bottom  line  is  $1..368  million. 
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driven  protocols  and  critical  pathways  to  become  even 
more  efficient  and  cost-effective  in  providing  our  services. 

We  must  become  multiskilled  practitioners  now.  An  ar- 
ticle in  "Hospital  and  Health  Services  Administration"^ 
cited  the  most  frequently  grouped  multiskilled  practition- 
ers, by  a  survey  of  health-care  executives,  to  be  respiratory 
care  practitioners  and  electrocardiograph  technicians.  If 
our  Respiratory  Care  Department  were  to  assume  the  re- 
sponsibilities of  the  Noninvasive  Cardiology  Product  Line 
(ie,  EKG,  Cardiac  Stress  Lab,  and  Noninvasive  Cardio- 
vascular Lab),  then  its  .services  would  represent  68.9%  of 
the  hospital  bottom  line! 

This  is  the  focus  upon  which  health-care  executives  will 
be  restructuring  health  care  in  the  Year  2000.  In  today's 
health-care  environment,  it  is  sound  fiscal  reasoning  to  re- 
duce cost  and  to  strengthen  those  departments  shown  to  be 
responsible  for  the  financial  viability  of  the  institution. 

Conclusions 

This  study  has  shown  that  our  Respiratory  Care 
Department  has  assumed  a  leadership  role  in  the  economic 


viability  of  our  hospital  and  is  the  most  cost-efficient  con- 
tributor to  health  care.  I  do  not  believe  that  our  hospital 
and  our  department  are  unique.  I  believe  that  many  other 
respiratory  care  departments  contribute  to  their  hospitals" 
economic  viability.  It  is  our  responsibility  to  build  upon 
this  role  and  assume  our  rightful  position  in  health  care  of 
the  Year  2000. 
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Therapist-Driven  Protocols:  The  State  of  the  Art 


"...  iny  ullcgiciiici'  to  respircUoiy  care  comes  from  my 
piission  to  improve  patient  care.  " 

James  K  Stoller  MD 
Conference  Chairman 

On  Friday  and  Saturday,  May  13  and  14,  1994.  the 
American  Association  for  Respiratory  Care  (AARC)  pre- 
sented a  special  conference  on  therapist-driven  protocols 
(TDPs)  for  managers,  supervisors,  and  medical  directors 
of  respiratory  care.  The  program,  chaired  by  Dr  James  K 
Stoller  of  the  Cleveland  Clinic  Foundation,  Cleveland, 
Ohio,  was  attended  by  more  than  250  people  from  all  over 
the  United  States  and  Canada. 

"Therapist-Driven  Protocols:  The  State  of  the  Art"  was 
presented  in  3  parts  that  covered  introductory  material,  is- 
sues in  implementation,  and  current  experience  with 
TDPs.  The  summary  that  follows  is  structured  exactly  like 
the  program  and  written  from  the  speaker's  perspective  so 
that  you  may  more  fully  share,  with  all  of  us  who  attended, 
the  impact  of  this  conference. 

Part  I — Introduction  to  Therapist-Driven  Protocols 

Rationale  for  Therapist-Driven  Protocols:  Misalloca- 
tion  of  Respiratory  Care — James  K  Stoller  MD 

The  development  and  implementation  of  TDPs  have 
been  on  the  rise  since  about  1980.  The  AARC"s  Poll  con- 
ducted in  1993'  showed  that  60*7^  of  the  institutions  that  re- 
sponded had  implemented  TDPs  or  had  immediate  plans  to 
do  so.  The  reason  for  this  growing  acceptance  is  the  misal- 
location — overordering  or  underordering — of  respiratory 
therapy  procedures  that  has  been  experienced  under  the 
traditional  physician-order  system  of  allocating  respiratory 
care.  Misallocation  may  be  further  defined  as  providing 
treatment  to  patients  who  don't  need  it  and  who  stand  not 
to  benefit  or  not  providing  therapy  for  those  who  do  need  it 
and  who  do  stand  to  benefit.  Misallocation  is  due  at  least  in 
part  to  misinformation  about  respiratory  care.  After  all. 
medical  students  and  house  staff  are  not  taught  much  about 
allocating  respiratory  care. 

The  evidence  is  clear  that  misallocation  exists  and  may 
be  reduced  by  implementing  therapist-driven  protocols 
(Table  1 ).- ''  The  issue  is  whether  respiratory  care  practi- 
tioners (RCPs)  can  make  the  decisions  anil  allocate  appro- 


priately. My  impression  is  that  in  terms  of  ordering  arterial 
blood  gases,  bronchial  hygiene,  or  oxygen,  RCPs  are  better 
prepared  to  allocate  than  are  most  others  and  their  perfor- 
mance as  allocators  is  better  than  anyone  else's.  Res- 
piratory care  practitioners  are  less  likely  to  generate  inap- 
propriate orders  than  are  non-RCPs.  In  a  study  at  the 
Cleveland  Clinic'"  comparing  the  clinical  effects  of  our 
Respiratory  Therapy  Consult  Service  (RTCS)  to  the  tradi- 
tional physician-order  allocation  system,  we  found  that 
misallocation  was  much  less  frequent  under  the  RTCS 
(17%  vs  43%).  However,  this  issue  needs  to  be  rigorously 
tested  in  a  randomized,  controlled  clinical  trial. 

Table  1.      Frequency  of  Inappropriate  Orders  for  Respiratory  Tests  or 
Services 


Author(s), 

Test 

Procedures 

Year  of 

or 

Ordered 

Publication 

Service 

Inappropriately 

Brougher  et  al. 

1486- 

Oxygen  administration 

38% 

Shapiro  ctal,  1988' 

Bronchial  hygiene 

61% 

Browning  etal.  l^Sg-" 

Arterial  blood  gases 

36% 

Hart  ctal.  1989" 

Medicated  aerosols 

48.3% 

Small  etal.  1992" 

Oxygen  administration 

2.3% 

Lowe.  1992' 

Pediatrics 

26% 

Kester  &  Stoller,  1992" 

-•i  non-lCU. 

2.'i%  over-  and 

adult  services 

10.5% 
underordered 

Santoroetal,  199.^" 

Arterial  blood  gases 

48.3% 

The  impact  of  therapist-driven  protocols  is  not  some  fu- 
turistic concept;  it  is  here  and  now.  The  truth  of  the  matter 
is  that  misallocation  is  common  and  that  overordering  may 
occur  more  frequently  than  underordering.  Allocation  of 
respiratory  care  services  by  RCPs  using  therapist-driven 
protocols  can  potentially  decrease  misallocation  without 
increasing  adverse  respiratory  events  and  can  help  to  con- 
trol costs. 

Positioning  for  Change — Sam  Giordano  MBA  RRT 

Why  are  changes  in  our  health-care  system  in- 
evitable?— because  costs  are  soaring  and  the  system  is  in- 
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efficient.  Therefore,  our  goal  must  be  to  make  the  current 
organization  work  more  efficiently  and  to  reduce  costs 
where  possible. 

Selling  the  RCP.  Think  about  selling  RCPs  to  the  health- 
care community.  How  can  you  show  that  RCPs  contribute 
to  positive  clinical  and  economic  outcomes? 

•  Conduct  a  situation  analysis  and  identify  your 
strengths  and  weaknesses.  Begin  by  identifying  the 
negatives  (eg,  irresponsible  therapists)  before  some- 
one else  does  it  for  you. 

•  Develop  formal  action  plans  to  coirect  weaknesses 
and  exploit  strengths. 

•  Market  your  assets  (skills  inventory).  RCPs  have  the 
largest  skills  inventory  of  any  allied  health  profes- 
sional— we  are  trained  to  administer  prescription 
drugs;  we  have  an  incredible  technical  expertise,  and 
we  are  in  the  hospital  7  days/week,  24  hours/day. 

This  will  pave  the  way  for  implementation  of  TDPs. 
Remember,  there  is  nothing  wrong  with  RCPs  who  were 
on-the-job  trained,  but  do  not  load  your  staff  with  people 
who  have  no  formal  training.  Professionalize  your  depart- 
ment. We,  as  RCPs,  are  known  as  babysitters  for  equip- 
ment, which  is  correct.  However,  the  perception  that  only 
the  equipment  interfaces  with  the  patient  is  incorrect.  We 
need  to  sell  ourselves!  We  need  to  build  our  linage  as  care 
coordinators,  'high-tech"  experts,  and  broad-range  care- 
givers. 

Gather  Baseline  Data.  You  will  need  to  gather  baseline 
data  regarding  employee  costs  and  turnover.  Do  a  com- 
plete inventory:  What  is  the  average  level  of  education  of 
your  staff  members?  We  move  in  an  environment  in  which 
academic  degrees  and  credentials  are  important. 

You  must  show  that  RCPs  are  more  than  can  be  seen 
on  the  surface.  They  are  assessors,  care  coordinators,  uti- 
lization controllers,  resource  managers,  and  consultants. 
The  more  people  know  about  how  comprehensively  you 
have  thought  out  your  care  plans,  the  more  they  will  re- 
spect you  as  a  professional.  Stress  the  utilization  reduc- 
tions that  can  occur  with  TDPs;  this  will  show  that  you  are 
not  task  oriented.  Remember,  it  is  not  essential  that  your 
department  be  the  first  to  implement  TDPs,  but  it  is  essen- 
tial that  you  succeed  when  you  do.  RCPs  must  be  per- 
ceived as  professionals  by  physicians,  nurses,  and  admin- 
istrators. Mend  fences  as  needed  and  strive  to  be  well- 
liked.  Or  others  may  have  cause  to  undermine  your  efforts 
to  move  forward.  Strong  medical-staff  support  that  comes 
from  longstanding  excellence  is  essential.  You  simply 
must  have  the  support  and  trust  of  the  physicians  in  your 


institution.  You  can  be  empowered  to  succeed  with  proto- 
cols only  if  you  have  a  record  of  excellence.* 

RCPs  Do  More  than  You  See.  Use  the  AARC's  Clinical 
Practice  Guidelines"  '^  to  position  the  RCP  as  a  utilization 
coordinator.  Lead  with  pilot  projects — mistakes  will  not 
have  such  a  huge  impact,  and  you  will  have  the  opportuni- 
ty to  refine  the  protocols.  Document  the  impact  that  your 
protocols  have  on  length  of  stay,  costs,  and  the  institu- 
tion's strategic  objectives.  Stress  the  benefit  part  of  cost- 
benefit,  and  use  your  support  from  the  medical  staff  to 
move  ahead. 

Decision  makers  are  receptive  to  change  right  now. 
Take  advantage  of  the  opportunities  while  people  are 
open-minded.  What  is  driving  the  health-care  bus?  Money 
— make  no  mistake.  You  need  to  show  that  TDPs  can  save 
money  without  compromising  quality. 

Given  the  climate  of  health  care  today,  with  hospital  re- 
structuring leading  a  change  in  delivery  and  with  govern- 
ment reform  nipping  at  our  heels,  the  fact  is  that  the  respi- 
ratory care  profession  will  be  redesigned.  RCPs  make  a 
difference,  but  you  must  make  that  point  clear  if  respirato- 
ry care  departments  are  to  succeed  in  this  new  environ- 
ment. 

Definition  and  Types  of  Therapist-Driven  Protocols — 
Judith  A  Tietsort  RN  RRT 

We  have  had  TDPs  in  operation  now  for  more  than  20 
years.  It  has  not  all  been  smooth  or  easy,  but  we  have 
learned  some  things  that  might  prove  helpful  to  some  of 
you. 

We  Must  Move  Forward.  Whereas  the  traditional  model 
(the  physician  orders  and  the  therapist  delivers)  may  have 
worked  20  years  ago,  it  is  not  going  to  work  in  today's 
health-care  environment.  The  Joint  Commission  on  Ac- 
creditation of  Healthcare  Organizations ""  has  added  a 
generic  standard  for  assessments  that  all  health-care 
providers  will  be  required  to  meet.  Simply  put,  the  Joint 
Commission  requires  assessments  and  you  will  be  required 
to  show  that  your  RCPs  know  how  to  assess  patients.  A  re- 
cent Health  Care  Advisory  Board  Review  report'^  provides 
an  excellent  argument  for  those  wishing  to  proceed  with 
protocol  development.  That  report  says  that  the  biggest 
cost-savings  in  hospitals  today  comes  not  from  focused- 
care  projects  but  from  eliminating  unnecessary  care. 

What  Are  Protocols?  Protocols  are  not  standing  orders. 
They  are  patient-care  plans  initiated  and  implemented  by  a 


'Editor's  Note:  See  related  articles  "Benefits  Associated  with  a 
Respiratory  Care  Assessment-Treatment  Program:  Results  of  a 
Pilot  Study"  and  "One  Respiratory  Care  Department's 
Contribution  to  the  'Bottom  Line ' "  on  Pages  715  and  724  of 

this  issue. 
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credentialed  RCP.  They  each  have  a  title,  purpose  (thera- 
peutic objectives),  description  of  patients  affected  (eg,  pe- 
diatric, postoperative),  indications  and  contraindications, 
outcome  objectives,  and  guidelines  regarding  when  it  is 
appropriate  to  reduce  or  discontinue  therapy.  Most  of  the 
information  needed  can  be  found  in  the  AARC's  Clinical 
Practice  Guidelines."  '■"  Protocols  must  have  been  ap- 
proved by  the  medical  staff  and  hospital  administration  in 
the  facility  where  they  are  used  prior  to  implementation. 

Protocols  can  take  several  forms — algorithms,  naixa- 
tives,  or  worksheets.  They  may  be  generic — these  are  gen- 
erally patient  assessment  protocols  where  a  doctor  orders  a 
general  assessment  of  the  patient's  respiratory  care  needs. 
They  can  be  based  on  diagnosis — part  of  the  patient's  crit- 
ical path  of  care.  Protocols  may  be  based  on  symptoms — 
to  treat  atelectasis  or  wheezing. 

The  Nuts  and  Bolts  of  Implementing  a  TDP.  In  our  hos- 
pital, the  physician  writes  the  order  "Protocol."  The  RCP 
assessor  chooses  the  critical  pathway  according  to  the  di- 
agnosis and  notes  the  patient's  symptoms  and  criteria  for 
therapy.  RCPs  order,  adjust,  change  mode,  and  request 
medical  director  consultation  based  on  the  algorithm. 
Everything  can  be  managed  with  this  method — from  venti- 
lation to  pulse  oximetry.  However,  assessment  skills  are 
very  important  and  the  skill  level  in  your  department  must 
be  adequate  before  you  begin. 

You  will  be  required  to  spend  more  time  with  the  pa- 
tient, more  time  communicating  with  other  professionals, 
and  more  time  documenting  what  you  have  done  and  what 
you  have  observed.  Therefore  it  is  important  not  to  reduce 
staff  prematurely  and  based  solely  on  your  percent  reduc- 
tion in  inappropriate  therapy. 

Many  people  believe  that  treating  patients  by  protocol 
is  cookbook  medicine.  Perhaps  it  is,  but  we  still  need  a 
thinking  cook. 

Part  II — Current  Issues  in  Implementing 
Tlierapist-Driven  Protocols 

Judging  tlie  Efficacy  of  Therapist-Driven  Protocols — 
James  K  Stoller  MD 

When  we  speak  about  outcomes  with  respect  to  TDPs, 
wc  refer  not  only  to  patient  outcomes  but  to  institutional, 
departmental,  and  caregiver  (physician,  nurse,  and  RCP) 
outcomes. 

Patient  Outcomes.  Patient  outcomes  may  be  the  number 
of  treatments,  types  of  treatments,  adverse  respiratory 
events  such  as  requiring  admission  to  the  ICU  for  a  respi- 
ratory cause,  length  of  hospital  stay,  and  length  of  require- 
ment for  and  receipt  of  respiratory  care  services. 


Institutional  Outcomes.  Institutional  outcomes  may  be 
appropriateness  of  allocation  of  respiratory  care,  charges, 
and  costs — respiratory  costs,  costs  by  DRG  group,  costs 
by  diagnosis,  and  acuteness  stratum.  Health-care  reform  is 
not  only  about  money — it  is  about  resource  allocation. 

Physician  Outcomes.  Physician  outcomes  are  concerned 
with  the  medical  residents"  absorption  and  retention  of  in- 
formation about  respiratory  care  of  patients.  They  are  fur- 
ther concerned  with  the  impact  of  TDPs  on  private  physi- 
cians' consults  to  pulmonary  medicine. 

Nursing  Outcomes.  The  most  important  question  here  is. 
How  easily  do  TDPs  incorporate  into  the  patient-focused 
model  and  critical  pathways? 

RCP  Outcomes.  RCP  outcomes  include  job  satisfaction, 
employee  retention/turnover,  and  academic  productivity. 

We  desperately  need  efficacy  studies  that  test  whether 
TDPs  decrease  misallocation  of  respiratory  care  services 
(over-  or  underordering).  We  also  need  to  document  wheth- 
er a  change  in  the  kind  or  number  of  adverse  respiratory 
events  is  seen  after  TDPs  are  implemented.  We  must  deter- 
mine whether  TDPs  work — are  they  effective  and  does 
their  implementation  go  smoothly? 

Desirable  but  not  essential  outcomes  are  whether  the 
expense  from  respiratory  care  services  goes  down.  If  un- 
derordering is  greater  than  overordering,  expense  will  in- 
crease when  appropriate  allocation  of  respiratory  care  ser- 
vice is  guaranteed.  Another  outcome  we  would  like  to 
measure  is  whether  the  volume  of  respiratory  care  service 
changes  following  implementation  of  TDPs.  We  would 
like  to  know  whether  the  number  of  therapists  required  to 
accomplish  the  volume  of  service  changes. 

It  will  be  important,  at  some  point,  to  know  whether  pa- 
tients spend  less  time  in  the  hospital.  Clearly,  if  length  of 
hospital  stay  is  due  to  a  nonrespiratory  condition,  our 
TDPs  cannot  be  expected  to  have  an  effect.  It  is  also  im- 
portant to  know  that  community  physicians  are  still  willing 
to  consult  with  pulmonary  medicine — we  would  like  evi- 
dence that  their  confidence  in  us  is  unshaken.  We  would 
like  to  document  that  there  is  no  change  in  consult  patterns 
following  implementation  of  TDPs  for  respiratory  care 
service. 

What  Outcomes  Should  We  Study?  We  must  show  that 
TDPs  reduce  the  misallocation  of  respiratory  care  services 
without  an  increase  in  the  incidence  of  adverse  respiratory 
events — that  in  a  controlled  setting,  TDPs  are  capable  of 
making  a  difference.  This  is  efficacy  research. 

We  must  show  that  TDPs  decrease  length  of  hospital 
slay  and.  if  overordering  is  more  prevalent  than  under- 
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ordering,  we  must  show  that  they  reduce  the  cost  of  care — 
that  in  the  real  world  of  medical  practice  where  the  envi- 
ronment is  not  controlled,  TDPs  are  not  only  capable  of 
making  a  difference,  they  do  make  a  difference.  This  is  ef- 
fectiveness research.  Failure  to  document  effectiveness, 
however,  does  not  invalidate  the  efficacy  of  TDPs. 

Putting  a  Therapist-Driven  Protocol  Together — 
Lucy  Kester  MBA  RRT 

Therapist-driven  protocols  are  RCP-directed  pathways 
for  decision  making.  The  purpose  of  guidelines  and  algo- 
rithms is  to  standardize  decision  making.  The  first  step  for 
the  TDP  committee  is  to  establish  indications  for  a  therapy 
using  the  AARC's  Clinical  Practice  Guidelines, "'^^  an  ex- 
haustive literature  search,  and  institutional  preferences. 
Using  algorithms,  patient  assessment,  and  a  chart  review, 
the  RCP  can  derive  the  indications  for  therapy. 

At  the  Cleveland  Clinic,  the  "standard  drug  regimen"  is 
the  method  by  which  therapists  can  order  drugs.  Counter- 
signature is  required  for  some  drugs  for  which  indications 
are  less  clear  and  use  is  infrequent. 

We  use  a  triage  score  to  determine  treatment  frequency. 
Patients  whose  severity  of  illness  warrants  a  triage  score  of 
1  receive  therapy  around  the  clock.  Those  whose  triage 
score  is  2  are  treated  QID  and  PRN  at  night.  A  score  of  3 
warrants  therapy  TID;  with  a  score  of  4,  patients  receive 
treatments  Qshift  while  awake.  These  are  usually  treat- 
ments like  breathing  exercises  and  cough. 

Basic  Implementation  of  TDPs.  The  sequence  of  events 
that  puts  a  protocol  in  operation  are  the  physician's  order 
for  "respiratory  therapy  consult,"  the  unit-clerk's  call  for 
the  initial  evaluation,  the  completion  of  assessment  and 
care  plan  by  the  RCP,  the  administration  of  therapy,  the 
documentation  of  therapy  and  patient  response,  and  re- 
evaluation  every  3  days  with  therapy  modification  as  often 
as  Qshift,  if  needed.  A  credentialed  RCP  does  all  evalua- 
tions and  re-evaluations.  A  Care  Plan  and  Consult  form  are 
placed  in  the  progress-note  section  of  the  patient's  medical 
record.  All  future  documentation  is  found  there. 
The  initial  problems  encountered  with  TDPs  were 

1 .  the  respiratory  staff  had  a  low  self-confidence  level 
that  resulted  in  their  being  overzealous  in  writing  care 
plans  and  reluctant  to  discontinue  unneeded  therapy; 
and 

2.  evaluations  are  time-consuming,  and  we  were  not 
given  additional  staff  to  cover  the  increased  patient- 
care  time  required. 

Modifications  have  been  made  since  the  initial  publica- 
tion in  Respiratory  Care.'o  We  have  refined  our  algo- 
rithms, evaluation  forms,  and  the  re-evaluation  process, 
and  have  developed  a  handbook  for  residents  and  others. 


Starting  a  Therapist-Driven-Protocol  Program — 
Judith  A  Tietsort  RN  RRT 

TDPs  are  a  logical  answer  to  problems  exposed  by  your 
quality  assurance  and  improvement  activities  that  include 
problem  identification,  data  collection  and  analysis,  ac- 
tion-plan development  and  implementation,  monitoring  of 
the  results,  and  presenting  the  data  to  the  medical  staff. 

Following  are  some  suggestions  that  may  help  you  to 
succeed  in  TDP  implementation. 

1.  Caution:  Do  your  own  audit;  do  not  use  someone 
else's  data. 

2.  Study  the  outcome  in  terms  of  costs,  not  charges.  If 
you  have  a  certain  cost  per  unit  service  and  if  you  de- 
crease the  number  of  units  of  service  you  provide, 
costs  will  go  down. 

3.  Show  that  you  can  provide  the  procedure  more  cost- 
effectively  than  anyone  else.  (We're  cheap,  but  good.) 

4.  Get  your  'ducks  in  a  row'  with  administration  and 
your  medical  director.  Encourage  your  medical  direc- 
tor to  become  a  member  of  the  National  Association 
of  Medical  Directors  of  Respiratory  Care  (NAM- 
DRC). 

5.  Get  the  doctors  and  nurses  to  understand  what  you  are 
doing  and  why. 

6.  Be  sure  the  RCPs  understand  and  are  capable  of 
'pulling  this  off.' 

7.  Develop  a  task  force  consisting  of  the  technical  and 
medical  directors  of  respiratory  care,  representatives 
of  the  medical  records  department,  quality  assurance 
and  utilization  review  staff,  the  nursing  department, 
and  staff  RCPs. 

8.  Clearly  define  the  indications  for  starting  and  discon- 
tinuing the  protocol. 

9.  Use  RCPs  to  explain  how  the  system  works  and  physi- 
cians (medical  director)  to  educate.  This  will  enhance 
the  acceptance  of  the  protocol. 

10.  The  key  is  to  start  small  and  to  do  it  right  the  first 
time;  you  will  not  have  a  second  chance. 

Emphasize  the  advantages  for  physicians  such  as  evalu- 
ation by  an  RCP  who  has  passed  a  competency  evaluation, 
lower  cost  of  care,  and  ongoing  flexibility.  In  our  institu- 
tion, we  have  a  relative  value  unit  attached  to  the  cost. 

Sell  the  program  to  the  nurses  on  the  basis  of  cost,  qual- 
ity of  patient  care,  and  RCP  availability.  Involve  nurses  in 
the  care  you  normally  provide.  They  can  perform  some 
basic  duties.  Care  should  be  patient-focused  not  personal- 
needs  (of  the  RCP)  focused.  The  Medical  Staff  can  help 
set  the  boundaries — the  limits  of  the  decisions  that  can  be 
made  by  RCPs. 
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You  must  do  quality  assurance  studies  and  recognize 
the  obstacles  to  TDPs,  such  as  physician  and  RCP  resis- 
tance and  the  need  tor  staff  training  and  competency  as- 
sessments. 

Be  prepared  to  do  more  than  respiratory  care.  Expand 
your  skills  and  knowledgebase  to  include  Advanced  car- 
diac life  support  (ACLS).  electrocardiography  (ECG).  l.V. 
therapy,  emergency  medical  technician  training,  hemo- 
dynamic monitoring  and  arterial  lines,  and  even  conespon- 
dence  nursing  school.  This  will  expand  your  view  of  pa- 
tient care. 

Be  prepared  to  teach  and  precept  nurses,  physical  thera- 
pists, and  other  RCPs.  Remember  that  when  an  RCP  re- 
ports for  work,  he  should  interact  with  each  patient  as 
though  having  his  Job  tomorrow  depended  on  it. 

Training  Staff  in  Therapist-Driven  Protocols — 
Lucy  Kester  MBA  RRT 

Education  and  orientation  of  the  medical,  nursing,  al- 
lied health,  and,  in  particular,  the  Respiratory  Therapy 
Consult  Service  staff  are  probably  the  most  important 
components  of  the  success  of  our  Consult  Service.  I  pre- 
sent some  of  the  unique  features  of  our  approach. 

The  medical  director  for  respiratory  care  presents  the 
structure  and  purpose  of  the  program  and  teaches  physi- 
cians, nurses,  and  RCPs;  then,  we  let  physicians  teach 
physicians  and  RCPs  teach  residents.  This  approach  helps 
ensure  the  uniform  application  of  the  algorithms. 

Prior  to  the  implementation  of  the  protocols,  staff  were 
extensively  trained  in  patient  assessment  and  in  the  various 
components  of  application  of  the  protocols.  To  maintain 
these  skills  and  to  assure  uniform  application,  we  use  case- 
study  exercises.  We  present  three  sets  of  four  cases/set 
each  year.  Each  case  includes  a  scenario,  triage  score 
sheet,  and  a  blank  care  plan.  This  approach  shows  whether 
staff  are  assigning  triage  scores  consistently  and  following 
the  algorithms  based  on  the  information  they  are  given.  It 
does  not  show  whether  RCPs  gather  the  same  information 
to  calculate  the  triage  score  and  develop  the  care  plan.  In 
the  real  world,  if  they  pull  different  information,  they  may 
get  similar  or  different  triage  scores. 

In  our  hospital,  new  residents  are  given  a  copy  of  our 
handbook,  which  contains  the  algorithms  and  outlines  the 
method  for  ordering  a  respiratory  therapy  consult,  receive 
newsletters  periodically,  and  are  encouraged  to  collaborate 
with  existing  staff  (MDs,  RNs,  and  RCPs).  The  newsletters 
are  also  used  to  market  the  Consult  Service  and  to  repeat 
and  reinforce  information  at  physician  and  nursing  staff 
meetings.  Regular  interaction  with  the  nursing  staff  and 
unit  secretaries  is  important  to  ensure  proper  use  of  ihc 
Consult  Service.  Good  communication  cannot  be  overem- 
phasized. 


Assessment  Tools  for  Therapist-Driven  Protocols — 
Dennis  Giles  RRT 

The  Conference  on  the  Scientific  Basis  for  In-hospital 
Respiratory  Therapy"*  provided  the  impetus  for  the  devel- 
opment of  a  patient  assessment  tool.  The  introduction  of 
diagnosis-related  groups,  or  DRGs,  with  the  resultant  re- 
duction in  reimbursement,  resulted  in  reduced  or,  at  least, 
flat  staffing  patterns  that  led  to  our  inability  to  meet  the  de- 
mand for  respiratory  therapy  services.  We  began  to  look 
for  ways  to  prioritize  patient  care  so  that  the  most  impor- 
tant needs  could  be  met. 

The  early  work  in  this  regard  was  done  at  the  New 
England  Deaconess  Hospital'''  where  the  need  to  establish 
patient-care  priorities  was  recognized.  They  developed  cri- 
teria for  setting  priorities  that  led  to  the  triage  rating  sys- 
tem. Our  experience  at  the  Cleveland  Clinic  follows  theirs. 
However  we  have  attempted  to  validate  our  triage  rating 
system  by  assessing  interrater  reliability  and  by  continous- 
ly  monitoring  its  association  with  length  of  stay,  days  on 
respiratory  care,  charges  for  respiratory  care,  and  total  hos- 
pital charges. 

The  triage  rating  system  evolved  from  the  need  to  rec- 
ognize indications  for  therapy,  to  develop  assessment 
skills,  and  for  a  guided,  systematic  approach  to  patient  as- 
sessment. The  assessment  consists  of  evaluating  informa- 
tion in  the  chart,  laboratory  reports,  and  the  patient.  We 
use  this  information  to  generate  the  triage  score,  determine 
the  frequency  of  therapy,  and  perform  re-evaluations. 

Quality  Control  for  Therapist-Driven  Protocols — 
David  Haney  RRT 

At  the  Cleveland  Clinic,  we  use  a  three-pronged  ap- 
proach for  quality  control  in  the  Respiratory  Therapy 
Consult  Service — daily  shift  meetings,  case  studies,  and 
internal  audits.  Using  these  monitoring  devices,  we  can 
measure  its  effectivness. 

Shift  meetings  are  informal  and  consist  of  patient-con- 
dition updates,  "red-tlag"  evaluations,  and  an  opportunity 
to  reinforce  the  algorithms  and  reduce  misallocation.  The 
same  objectives  could  be  accomplished  using  a  Journal 
Club  format.  Case  studies  are  given  to  RCPs  so  that  they 
can  design  a  care  plan:  these  are  used  to  identify  problem 
areas  with  regard  to  staff  competency.  Independent  audits 
are  conducted  by  RCPs  who  are  blinded  to  whether  pa- 
tients are  on  the  Consult  Service  or  are  being  managed 
conventionally.  Clinical  indicators  are  .selected  for  exami- 
nation, and  the  review  of  these  data  prospectively  enables 
us  lo  ensure  the  absence  of  adverse  respiratory  events. 

Impediments  to  Implementing  Therapist-Driven 
Protocols— Doug  Orens  MBA  RRT 

The  impediments  to  TDPs  tend  to  come  from  different 
tlirections  and  may  not  be  the  same  for  all  institutions.  A 
slrons:  commitment  to  TDPs  is  required  because  of  in- 
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creased  patient  severity  of  illness,  increased  demand  for 
respiratory  care  service,  and  the  reduction  in  full-time 
equivalents  (PTEs)  that  often  follows  cost-cutting  mea- 
sures. 

The  Respiratory  Care  Department's  medical  director  is 
a  key  person  in  the  successful  implementation  of  TDPs.  He 
may  hesitate  to  support  your  efforts  to  implement  TDPs 
because  the  educational  level  of  the  RCPs  is  low,  the  polit- 
ical climate  is  not  favorable,  or  he  is  not  comfortable  with 
the  concept.  The  department  manager  is  another  key  per- 
son. If  he  favors  the  status  quo  and  is  forced  to  cut  costs  by 
reducing  staff,  he  may  feel  he  lacks  the  resources  to  devel- 
op and  implement  TDPs.  Efforts  to  move  forward  with 
TDPs  may  be  hampered  by  respiratory  care  staff  members 
who  are  not  motivated  or  willing  to  assume  extra  responsi- 
bility. Finally,  your  hospital  administrator  must  be  on  your 
team — not  bent  on  reducing  your  staff  to  reduce  costs. 

In  each  individual  institution,  as  you  plan  for  TDPs, 

•  understand  your  environment; 

•  develop  a  strategic  plan; 

•  prepare  to  be  challenged;  and 

•  allow  for  flexibility  in  your  program. 

To  succeed,  it  is  essential  that  you  anticipate  the  imped- 
iments and  have  a  plan  to  meet  and  overcome  them. 

Educational  Aspects  of  TDPs:  Are  We  Adequately 
Training  Students?— Rebecca  Meredith  RRT 

If  TDPs  are  to  succeed,  we  must  have  RCPs  who  are  in- 
trinsically capable  of  good  patient  assessment.  People  who 
think  in  concrete  terms  may  not  be  capable  of  thinking  ana- 
lytically. They  are  usually  extremely  uncomfortable  with 
critical  decision  making,  which  is  essential  for  patient  as- 
sessment and  care-plan  development.  We  need  to  foster 
critical  thinking  and  analytical  thinking  in  our  students  and 
stop  limiting  them  by  goal-oriented,  objective-directed  ed- 
ucation.-°* 

Legal  Aspects  of  Therapist-Driven  Protocols: 
Do  TDPs  Place  RCPs  in  a  Legally  Compromising 
Position? — Michael  J  Meehan  Esq 

The  reality  in  the  practice  of  law  is  that  the  defense  at- 
torney gets  paid  by  the  hour  and  the  plaintiff's  attorney 
gets  paid  a  percent  of  the  settlement — up  to  50%  in  the 
state  of  Ohio.  Lawyers  must  zealously  act  on  behalf  of 
their  clients  within  the  bounds  of  the  law.  Most  view  the 
courtroom  as  a  place  where  justice  must  prevail,  but  that  is 
not  always  the  case. 


*Editor's  Note:  Ms  Meredith  expands  this  topic  in  an  edito- 
rial elsewhere  in  this  issue. 


The  elements  of  malpractice  are  the  defendant's  duty  to 
the  plaintiff,  the  plaintiffs  claim  that  the  defendant  breach- 
ed that  duty,  that  injury  resulted  from  that  breach,  and  that 
the  defendant  is  liable  for  that  injury. 

The  RCP's  scope  of  practice  includes  evaluation,  treat- 
ment, assessment,  and  care  of  the  cardiopulmonary  patient 
but,  as  the  Ohio  Respiratory  Care  Practitioner  law  states, 
RCPs  practice  ". . .  upon  the  prescription  of  and  under  the 
supervision  of  a  licensed  physician."-' 

Duty  of  an  RCP.  ". . .  to  employ  that  degree  of  skill,  care, 
and  diligence  that  a  respiratory  therapist  of  ordinary  skill, 
care,  and  diligence  would  employ  in  like  circumstances."-' 
RCPs  are  skilled  professionals,  but  juries  are  not  made  up 
of  skilled  professionals.  During  a  trial,  expert  witnesses 
are  called  to  inform  the  jury  on  technical  matters.  Mem- 
bers of  a  jury  don't  have  a  clue  about  medical  matters — a 
status  that  must  be  maintained  because  if  a  juror  were  an 
RCP,  he  would  bias  the  whole  jury,  and  they  would  not  be 
able  to  render  a  verdict  based  on  unbiased  consensus. 
Therefore,  he  would  be  excused  as  a  juror  in  a  case  in 
which  an  RCP  were  accused  of  malpractice. 

Respiratory  therapists  are  required  to  exercise  judgment 
within  the  context  of  TDPs.  They  determine  acuteness  of 
the  patient's  condition,  assign  a  triage  score,  and  document 
their  findings  in  the  patient's  medical  record.  The  Joint 
Commission  requires  that  hospitals  have  written  policies 
that  specify  the  scope  and  conduct  of  the  practice  of  respi- 
ratory care,  that  these  policies  be  approved  by  the  medical 
staff  and  be  enforced,  that  the  medical  director  be  a  physi- 
cian on  staff  who  has  special  knowledge  of  respiratory 
care,  and  that  nonphysician  RCPs  perform  potentially  haz- 
ardous patient  procedures  (eg,  arterial  punctures)  only 
when  authorized  in  writing  by  the  medical  director  and  in 
accordance  with  medical  staff  policy. -- 

Although  there  have  been  no  cases  brought  against 
RCPs  acting  under  therapist-driven  protocols,  clearly, 
TDPs  increase  the  practitioners  supervisors  and  medical 
director's  liability.  The  risk,  under  this  liability,  is  lessened 
somewhat  when  TDPs  are  common  practice  in  a  given 
state  or  are  covered  by  institutional  policy.  TDPs  are  de- 
fensible as  long  as  they  are  based  on  national  standards 
(clinical  practice  guidelines  that  have  been  reviewed  by 
experts  that  includes  physicians)  and  are  in  accord  with 
standards  of  care  of  physicians  and  nurses.  There  must  be 
multilevel  approval  including  the  respiratory  care-depart- 
ment administration,  medical  director,  medical  staff,  and 
hospital  itself. 

Possible  Pitfalls.  Possible  pitfalls  of  TDPs  include  pur- 
porting TDPs  as  a  new  standard  of  care  within  the  institu- 
tion, deviating  from  the  protocol,  inappropriate  use  of  the 
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protocol,  and  negligent  training  of  the  staff.  Allowing  a 
staff  member  who  has  not  demonstrated  or  has  failed  to 
demonstrate  competency  to  work  under  TDPs  is  a  danger- 
ous practice.  Not  all  respiratory  therapists  should  be  partic- 
ipating in  TDPs. 

The  legally  defensible  TDP  program  is  one  that  has 
written  protocols  approved  at  all  levels  of  medical  and 
hospital  administration,  is  based  on  guidelines  that  have 
been  reviewed  by  experts  including  physicians,  has  ade- 
quately trained  staff  whose  competency  is  monitored,  and 
has  reviewed  and  updated  the  protocols  periodically  and  as 
needed. 

Part  III — Current  Experience  with 
Therapist-Driven  Protocols 

The  Lutheran  Medical  Center  Experience — 
Judy  Tietsort  RN  RRT 

Our  hospital  is  a  400-bed,  general  acute-care,  private, 
not-for-profit  institution.  The  respiratory  therapy  depart- 
ment was  started  in  1972  and  today  has  30  acute-care  ther- 
apists, 1  manager,  and  4  additional  administrative  days/ 
week  shared  by  3  therapists.  All  therapists  work  in  all 
areas  and  undergo  identical  training  programs.  We  work 
with  a  single  group  of  5  pulmonologists. 

At  its  inception,  our  department  rendered  inconsistent 
and  unnecessary  therapy — that  is,  people  with  the  same 
disease  often  got  different  treatment.  In  1974,  we  began  to 
work  under  protocols.  These  are  patient-care  plans  initiat- 
ed by  RCPs,  designed,  developed,  and  approved  by  the 
medical  staff.  They  allow  up-  and  down-regulation  of  in- 
tensity of  therapy  and  change  in  mode  or  discontinuation 
when  appropriate.  Our  goals  in  1972  were  to  give  appro- 
priate therapy  at  the  appropriate  time,  educate  the  physi- 
cians as  to  the  state  of  the  art  of  respiratory  care,  concen- 
trate on  preoperative  patient  education,  and  identify  preop- 
erative patients  at  high  risk  for  a  poor  outcome.  At  that 
time  we  provided  primarily  inhaled  vapor,  nebulized  bron- 
chodilator.  postural  drainage,  and  IPPB. 

In  1994.  9S'/f  of  all  patients  receive  therapy  via  proto- 
col and  are  evaluated  for  appropriateness  and  frequency 
with  each  treatment.  All  therapists  are  trained  to  do  proto- 
cols and  are  oriented  first  to  floor  therapy,  then  to  ICU.  and 
finally  to  supervision.  Our  current  goals  are  to  deliver  ap- 
propriate and  timely  therapy,  to  refer  patients  to  the  appro- 
priate respiratory  therapy  service,  to  provide  community 
and  caregiver  education  (our  department  offers  about  ."SO 
presentations/year),  to  identify  high-risk  preoperative  pa- 
tients, and  to  validate  our  service  with  outcome  studies. 
Patient  education  takes  place  using  care  paths,  preopera- 
tive teaching,  respiratory  care  unit  team  education,  nico- 
tine/smoking-cessalion  education,  and  the  emergency 
room  llicrapisi    In  liic  cnninuinity.  RCPs  offer  inslruclion 


through  the  speaker's  bureau,  pulmonary  rehabilitation  de- 
partment. Asthma  Center,  and  sleep  disorders  laboratory. 

The  concept  of  the  1970s — give  treatments,  bill,  re- 
ceive reimbursement,  contribute  to  the  hospital's  operating 
budget — the  concept  of  profit  center  is  passe;  all  depart- 
ments are  cost  centers  today,  and  the  important  concept  is 
the  ratio  of  costs  to  charges.  For  example,  in  our  rehabilita- 
tion department,  we  lose  money  every  day.  However,  all 
we  must  do  is  prevent  a  few  patients  from  being  admitted 
to  the  hospital  in  order  to  control  costs. 

Education  has  become  our  Number  I  focus  for  hospital 
caregivers,  patients,  outpatients,  and  members  of  the  com- 
munity. 

The  Fox  Chase  Cancer  Center  Experience — 
Rich  Malloy  BS  RRT 

Our  center  is  a  125-bed,  full-service  cancer  center,  and 
we  report  a  5-year  experience  with  TDPs.  There  are  3 
methods  by  which  patients  receive  respiratory  therapy:  the 
traditional  method  wherein  the  physician  writes  the  order 
and  the  RCP  responds  with  the  ordered  therapy;  the  mixed 
method  wherein  the  physician  writes  the  order  for  therapy 
and  the  therapist  has  some  latitude  to  modify  the  therapy 
based  on  his  assessment;  and  the  protocol/care  plan 
method,  which  is  based  on  scientifically  derived  indica- 
tions for  therapy  and  is  fully  RCP  directed.  The  latter  is 
born  of  the  hospital  administration's  desire  to  decrease  un- 
necessary respiratory  care.  In  our  institution,  the  physician 
institutes  care  by  stating  the  patient's  problem  or  diagnosis 
and  any  order  for  respiratory  therapy  service  is  interpreted 
as  an  order  for  a  respiratory  care  plan.  The  care  plan  is  de- 
veloped using  branching-logic  scenarios  (for  example,  if 
the  physician  stated  his  goal  for  respiratory  care  was  to 
prevent  atelectasis,  we  might  perform  incentive  spirome- 
try). 

After  implementing  care  plans,  we  found  that  we  spent 
less  time  providing  general  care  and  more  in  educational 
activities  such  as  ACLS  certification.-'  Chest  percussion 
therapy  was  reduced  to  near  zero  in  3  years.  Orders  for 
ABGs  were  far  fewer  because  we  insisted  on  criterion- 
based  orders — in  their  absence  we  used  noninvasive  as- 
sessment of  blood  gases.  We  have  seen  no  decrease  in  days 
of  oxygen  use.  In  fact,  we  have  seen  a  slight  increase. 
Incentive  spirometry  has  decreased  slightly.  Metered-dose 
inhalers  increased  in  5  years  from  165/year  to  4,f)0()/year. 
ABGs  decreased  from  6,700/ycar  to  2,8()0/year.  Broncho- 
ililators  administered  went  from  7,777/year  to  3,700/year. 
Manpower  requirement  decreased  from  17  FTEs  to  12.5. 
In  1986,  before  the  implementation  of  care  plans,  we  pro- 
jected that  operating  costs  would  steadily  increase.  Since 
the  implementation  of  care  plans,  they  have  markedly  de- 
creased. Today,  we  spend  45%  of  our  resources  to  provide 
critical  care.  20'^  for  general  care,  and  20%  for  ECGs. 


752 


RESPIRATORY  CARE  •  JULY  "94  Vol  39  No  7 


TDP  CONFERENCE  REPORT 


Since  the  implementation  of  care  plans,  our  department 
has  been  in  compliance  with  the  standards  of  the  Joint 
Commission,--  and  we  are  spending  less  of  our  health-care 
resource  to  provide  care.  Our  skills  are  more  diverse,  and 
we  have  more  responsibility.  Staff  morale  and  retention 
has  improved  and  most  hospital  staff  seem  to  perceive 
RCPs  in  a  more  professional  light. 

The  problems  with  care  plans  are  communication  diffi- 
culties among  therapists,  nurses,  and  physicians,  the  ten- 
dency of  some  therapists  to  be  overly  aggressive,  the  ten 
dency  of  other  RCPs  to  be  passive  and  just  do  what  they 
are  told,  and  the  ongoing  challenge  to  engender  good  clini- 
cal judgment  in  our  staff  members. 

The  University  of  Utah-LDS  Hospital  Experience — 
Tom  East  PhD 

First  and  foremost,  TDP  team  members  must  have  a 
captain  to  guide  them,  to  lead  them  in  standardization  of 
the  process,  to  implement  and  perfect  the  program.  1  prefer 
to  adhere  to  the  KIS  (keep  it  simple)  principle — start  sim- 
ple with  reasonable  goals,  put  the  plan  in  place,  and  allow 
the  clinical  demands  to  dictate  the  level  of  complexity 
needed.  Communication  between  the  consensus  group  and 
staff  members  is  essential. 

The  ingredients  for  successful  consensus  are  a  commit- 
ment to  research,  collegiality,  dynamic  and  respected  lead- 
ership, a  keen  awareness  of  flaws  in  medical  decision  mak- 
ing, and  'glue'  to  hold  it  all  together  until  the  benefit  is  ob- 
vious. 

When  humans  make  decisions,  many  things  may  affect 
that  decision  such  as  memory,  drama  of  the  situation,  other 
data,  fatigue,  emotions,  stress,  time  of  day,  expectations, 
and  intuition.  As  Dr  David  Eddy  said,  "It  is  simply  unreal- 
istic to  think  that  individuals  can  synthesize  in  their  head 
scores  of  pieces  of  evidence,  accurately  estimate  the  out- 
comes of  different  options,  and  accurately  judge  the  desir- 
ability of  those  outcomes  for  patients.  . . .  All  confirm 
what  would  be  expected  from  common  sense:  The  com- 
plexity of  modern  medicine  exceeds  the  inherent  limita- 
tions of  the  unaided  human  mind."-^  The  computer  has  no 
such  limitations  and  may  therefore  standardize  care  and  re- 
duce errors  in  clinical  decision  making.  Such  a  system  has 
been  used  in  over  1 1 1  patients  with  ARDS.  The  results  are 
encouraging  because,  when  compared  to  historical  con- 
trols, mortality  was  reduced  in  patients  who  were  managed 
using  the  computerized  decision  assistance.-''  We  have  em- 
barked on  a  multicenter  controlled  trial  to  evaluate  the 
benefit  of  computer-assisted  management  of  patients  who 
have  ARDS  and  require  mechanical  ventilation.  Pre- 
liminary results  are  encouraging. 

Problems  with  computer-assisted  decision  making  are 
that,  in  crisis,  the  number  of  protocol  violations  is  quite 


high.  Clinical  testing  and  refinement  are  essential  if  pro- 
grams like  this  one  are  to  succeed.  We  have  seen  that  de- 
tailed management  of  ventilator  patients  is  possible,  but  it 
is  not  easy  or  cheap.  At  LDS  Hospital,  we  have  spent  30 
person-years  so  far  in  the  research  and  development  of  this 
system. 

The  Cleveland  Clinic  Foundation  Experience — 
James  K  Stoller  MD 

The  structure  of  the  TDP  program  at  the  Cleveland 
Clinic  is  multifaceted  and  includes  RCP  evaluators,  RCPs 
who  deliver  care,  respiratory  care  algorithms,  a  triage 
score,  a  review  process,  and  a  quality  management  pro- 
gram used  to  monitor  adverse  events  and  assure  uniformity 
of  practice. 

We  run  TDPs  on  all  non-ICU  floors  and  have  an  ongo- 
ing review  process  that  has  two  focuses — patient-status  re- 
view and  Consult-Service  review.  The  patient-status  re- 
view takes  place  on  each  shift  between  the  therapist  and 
supervisor.  The  medical  director  of  the  Consult  Service  is 
available  to  answer  questions  and  assist  in  problem  solv- 
ing. Weekly  patient  case  reviews  are  conducted  with  the 
department  manager,  education  coordinator,  supervisors, 
and  ward  leader  in  attendance.  The  Consult-Service  review 
is  conducted  to  assess  adverse  events  and  misallocations  of 
respiratory  care  services.  These  data  are  then  presented  to 
the  hospital  medical  staff  and  administration. 

The  key  point  is  that  misallocation  is  common  and  the 
Respiratory  Therapy  Consult  Service  is  a  promising  strate- 
gy for  decreasing  it.  However,  a  randomized,  controlled 
clinical  trial  with  groups  stratified  by  disease  severity  is 
needed  to  expose  the  true  benefit  from  a  Respiratory 
Therapy  Consult  Service. 

The  University  of  Michigan  Hospital  Experience — 
Theresa  J  Keppler  BBA  RRT 

Our  bronchodilator  therapy  protocol  evolved  from  the 
traditional  physician-ordered  system  in  a  stepwise  fashion 
to  its  present  state  over  a  10-year  period.  Our  technicians 
completed  training  for  implementing  metered-dose  in- 
halers as  the  standard  method  for  delivering  bronchodila- 
tor therapy  in  1992.  The  RCPs  have  been  doing  their  own 
assessments  since  1990;  physician  compliance  with  the 
protocol  has  increased  since  that  time  At  this  time,  all 
bronchodilator  therapy  is  administered  only  during  waking 
hours.  However,  those  patients  who  require  frequent  thera- 
py (<  3  hours)  may  be  treated  as  needed  at  night.  This  pro- 
tocol allows  the  patients  more  sleeptime.  The  protocols 
provide  the  indications  for  therapy,  and,  if  there  are  none, 
the  therapist  may  discontinue  treatment.  We  have  found 
that  98-100%  of  bronchodilator  treatments  are  indicated 
under  this  protocol.-'' 
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Self-administration  of  bronchodilator  is  an  option  that 
we  offer  our  patients  who  have  used  bronchodilators  at 
home.  To  be  eligible  for  this  approach  to  care,  the  treat- 
ments must  be  indicated,  the  patient  must  be  motivated  and 
not  physically  limited,  and  the  patient  must  be  able  to 
demonstrate,  document,  and  reiterate  proper  technique. 
Once  a  patient  is  approved  for  self-administration,  the 
RCP  confirms  the  indication  for  therapy,  supervises  the 
patient's  self-care  over  the  first  24  hours,  and  communi- 
cates with  the  health-care  team  that  this  patient  is  on  the 
self-administration  plan.  The  final  step  is  for  the  patient  to 
sign  an  informed  consent,  which  is  placed  in  the  chart. 

The  RCP"s  responsibility  is  to  see  that  documentation 
gets  into  the  chart  immediately  so  that  there  is  no  miscom- 
munication,  to  educate  the  patient,  and  to  evaluate  the  pa- 
tient every  72  hours.  The  patient's  responsibilities  consist 
primarily  of  documenting  the  time  of  therapy  and  side  ef- 
fects. According  to  recent  data,  they  comply  about  75%  of 
the  time. 

We  have  estimated  that  costs  are  about  $50,000  less 
than  before  the  protocol  was  in  place,  and  charges  for 
bronchodilator  therapy  have  been  reduced  more  than 
$600,000. 

The  Memorial  Mission  Hospital  Experience — 
Mark  A  Fogelman  RRT 

Our  institution  has  44  FTEs  plus  a  pool  of  8- 1 0  students 
who  work  on  an  as-needed  basis.  In  addition  to  our  routine 
responsibilities  (ie,  general  floors  and  ICU),  we  participate 
in  the  nurse-therapist  interhospital  transport  team. 

We  began  our  experience  with  TDPs  in  1980  when  we 
successfully  implemented  the  protocol  for  preoperative  as- 
sessments. In  1984,  we  expanded  to  postoperative  ventila- 
tor weaning  protocols.  By  1984,  we  had  converted  all 
IPPB  to  incentive  spirometry  or  hand-held  nebulizer  treat- 
ments and  then  later  converted  these  two  therapies  to  pa- 
tient self-administration  protocols.  Subsequently,  we  re- 
placed chest  physiotherapy  with  incentive  spirometry  and 
cough  and  bronchial  drainage  and  hand-held  nebulizer 
treatments  with  metered-dose  inhalers,  which  are  now  also 
patient  self-administered.  Our  respiratory  care  consult  pro- 
gram has  evolved  into  its  present  form — Pulmonary  Team 
Case  Management. 

We  employ  a  patient  assessment  coordinator  who  coor- 
dinates department  protocol  activity.  We  have  seen  no  in- 
crease in  FTEs  since  the  inception  of  protocols.  We  enjoy 
strong  physician  support,  including  those  in  Pulmonary 
Medicine,  Pediatrics/Neonatology,  and  Cardiac  Surgery. 
The  cardiac  surgeons  were  the  first  to  request  a  protocol — 
they  wanted  a  postoperative  ventilator  weaning  protocol. 
In  our  hospital,  the  Family  Practitioners  are  our  'bread  and 
butter.'  We  continue  to  negotiate  the  case  management 


concept,  but  they  are  somewhat  more  resistant  than  other 
physician  groups. 

The  results  of  our  post-protocol  surveillance  are  shown 
below. 

Study  1:  We  looked  at  our  time  and  charges  for  55 
ca.ses  during  two  15-day  periods  before  and  after  our 
patient  assessment  coordinator  was  hired.  Time  and 
charges  decreased  by  54%  from  the  first  to  the  second 
period. 

Study  2:  We  gathered  data  on  973  patients  who  were 
admitted  to  our  hospital.  Approximately  9%  were  on 
treatments  at  home  prior  to  the  admission.  Only  5%  of 
the  protocol  decisions  agreed  with  the  physicians  writ- 
ten order,  but  for  86%  the  physician  agreed  with  the 
protocol's  recommendations.  These  data  are  still  being 
collected. 

Study  3:  We  studied  36  patients  to  compare  the  poten- 
tial time  of  hand-held  nebulizer  therapy  to  metered- 
dose  inhaler  technique  by  patient  self-administration. 
The  time  required  for  administration  of  hand-held  neb- 
ulizer treatments  was  376  hours/month,  whereas  the  pa- 
tient-self-administered metered-dose  inhaler  technique 
required  only  10  hours/month.  We  had  no  readmissions 
to  ICU  and  a  very  low  rate  of  missed  treatments  (2.8% 
at  the  beginning  and  currently  2.1%). 

Our  next  step,  as  we  expand  our  program,  is  to  increase 
our  patient  assessors  to  two  or  more  FTEs  or  make  the  as- 
sessments a  regular  staff  assignment  on  our  12-hour  shifts 
and  to  develop  methods  by  which  to  measure  the  compe- 
tency of  RCPs  and  the  medical  staff  in  using  protocols. 

The  University  of  California  at  San  Diego  Experience — 
Richard  M  Ford  BS  RRT 

We  are  a  Level- 1  trauma  center  with  life-flight  service 
and  20%  ICU  beds.  We  are  an  adult-pediatric  center  and 
the  regional  center  for  patients  with  cystic  fibrosis.  We  see 
120-150  non-ICU  adult  patients/day  on  our  service,  run  25 
ventilators/day.  generate  $23  million  revenue,  and  spend 
$2. 1  -2.3  million/year  to  operate  our  department. 

In  order  to  implement  changes  intended  to  make  care 
more  cost  effective,  we  formed  a  Respiratory  Care  Clinical 
Operations  Team  in  January  1992  that  was  made  up  of  res- 
piratory care  managers  and  staff  who  recognized  the  po- 
tential for  reducing  costs  and  improving  care  by  imple- 
menting patient-driven  protocols  (PDP),  or  TDPs.  This 
team  had  been  functioning  for  less  than  12  months  when 
the  consulting  team,  retained  by  the  medical  center  to  de- 
velop ht)spital-wide  cost-cutting  strategies,  arrived. 

We  implemented  PDPs  on  a  single  medical  floor  during 
January  1993.  the  same  month  that  the  consulting  team  ar- 
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rived.  The  early  results  of  this  project  provided  powerful 
evidence  of  what  could  be  accomplished  with  this  ap- 
proach. We  experienced  nearly  a  60'}?^  reduction  in  aerosol 
and  chest  physiotherapy  treatments  within  the  first  90 
days.-^  Routine  treatments,  including  these  just  mentioned, 
added  to  about  7.000  treatments/month  prior  to  implemen- 
tation of  PDPs  and  decreased  to  4.000.  This  reduction  re- 
sulted in  a  decrease  in  FTE  requirement  for  that  area  from 
5.6  to  2.5.  With  these  data,  we  were  able  to  cause  a  critical 
shift  in  thinking  that  the  real  issue  in  re-engineering  deliv- 
ery of  respiratory  care  was  not  who  should  do  what,  but 
who  is  best  suited  to  ensure  that  resources  are  consumed 
by  only  medically  essential  interventions. 

PDPs  have  since  been  developed  for  the  other  primary 
respiratory  care  services  and  implemented  in  all  areas  of 
the  hospital  except  pediatrics  and  the  ICUs.  Measurable  re- 
ductions in  the  costs  of  providing  respiratory  care  have  oc- 
curred— they  are  estimated  to  exceed  $150,000  by  the  end 
of  this  fiscal  year.  No  adverse  events  have  been  attributed 
to  our  PDP  program  to  date. 

We  now  have  13  protocols.  Among  them  are  protocols 
for  liver  transplant  patients,  extubation.  secretion  clear- 
ance for  ventilator  patients,  and  weaning  from  mechanical 
ventilation.  Within  the  next  9  months,  we  will  have  proto- 
cols for  ventilator  management,  heart-lung-transplant  pa- 
tients, and  inverse-ratio  ventilation. 

Our  PDPs  are  structured  to  include  sections  on  purpose, 
scope,  policy,  and  equipment  required.  Our  algorithms  in- 
clude transitions  from  one  method  to  another.  For  example 
we  have  a  Hayek  oscillator,  a  Bird  Percussionator,  and  a 
ThAIRapy  system  that  we  use  for  secretion  clearance.  The 
indications  for  transition  from  one  method  to  another  are 
clearly  stated.  We  have  policies  for  treatments  with  ques- 
tionable benefit  such  as  bland  aerosol,  hand-held  nebulizer 
treatments  for  patients  who  can  use  MDIs,  and  Muco- 
myst — we  don't  do  them! 

When  the  physician  writes  the  order  for  "RC  protocol," 
the  RCP  does  an  assessment,  defines  the  care  plan,  identi- 
fies opportunities  for  transition  for  additional  care,  and  re- 
evaluates the  patient  every  24  hours.  The  coordinator  iden- 
tifies patients  on  protocol  who  need  evaluation,  ensures 
that  care  plans  are  consistent,  serves  as  a  resource  person, 
monitors  the  PDP  program,  and  reports  the  results  of  that 
monitoring. 

We  incorporate  a  management  information  system  for 
respiratory  care  that  is  a  point-of-care.  field-driven,  com- 
puterized charting  system.  Certain  fields  are  mandatory. 
For  example,  mandatory  fields  in  the  chart  of  a  patient 
with  wheezing  are  peak  flows  and  an  assessment  of  secre- 
tions before  and  after  treatment.  Unless  entries  are  made  to 
these  fields,  the  RCP  cannot  exit  the  record. 

We  have  been  able  to  reduce  the  cost  of  providing  res- 
piratory care.  Our  physicians"  ordering  practices  are  chang- 


ing, and  we  are  experiencing  a  reduction  in  the  demand  for 
FTEs.  Certain  factors  have  emerged  as  key  to  our  success: 
patient-focused  environment,  adhering  to  information 
from  research,  internal  analysis  and  pilot  implementation, 
quality  management,  ownership  by  nurses  and  physicians, 
medical  director's  support,  controlled  resource  allocation, 
and  TRAIN.  TRAIN,  TRAIN! 

Common  barriers  to  successful  implementation  of 
PDPs  are  job  .security  concerns,  surveillance  requirements, 
information  management  required  for  PDPs,  RCP  training, 
and  rotating  house  staff. 

Regardless  of  the  barriers,  we  are  being  asked  to  do  less 
with  less  and  that  is  disconcerting.  However,  we  must 
search  and  be  ready  for  opportunities  to  take  on  other  re- 
sponsibilities and  do  new  things.  Let  us  expand  our  hori- 
zons. Dare  to  imagine  and  shift  our  thinking  about  the  de- 
livery of  respiratory  care  services. 

Kaye  Weber  MS  RRT 

Associate  Editor 

Respiratory  Care 

Dallas,  Texas 

Sherry  Milligan  MBA 

Associate  Executive  Director 

American  Association  for  Respiratory  Care 

Dallas,  Texas 
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PFT  Corner  #52 — Cardiopulmonary  Exercise  Testing  in  the  Preoperative 
Evaluation  of  Patients  with  Lung  Cancer 

DeeAnn  Miller  RRT  and  Jeff  Wilson  MD 


Case  Summary 

A  54-year-old  woman  with  a  40 
pack-year  smoking  history  was  re- 
ferred to  our  pulmonary  clinic  in 
December  1991  for  evaluation  of  a 
new  lung  mass  in  her  right  upper 
lobe.  She  reported  a  1 -month  history 
of  hemoptysis  but  no  weight  loss, 
fever,  chills,  weakness,  or  fatigue. 
She  was  on  no  medication.  She  had 
undergone  a  left  pneumonectomy  in 
1978  for  adenocarcinoma  but  had 
done  well  since  that  time,  although 
she  continued  to  smoke  one  pack  of 
cigarettes  per  day. 

On  physical  examination,  her  vital 
signs  were  stable,  and  there  was  no 
adenopathy.  On  auscultation,  breath 
sounds  were  markedly  decreased  on 
the  left  and  clear  on  the  right.  Heart 
sounds  were  normal,  without  gallop  or 
murmur.  The  extremities  were  with- 
out cyanosis,  clubbing,  or  edema. 

Laboratory  studies  revealed  a 
platelet  count  of  325,000  cells/mm' 
[325  X  IC  cells/L];  WBC  7,200 
cells/mm-^  [7.2  cells/L]:  Hb  12.7  g/dL 
[127  g/L];  and  Hct  40  vol%  [0.40]. 


The  authors  are  associated  with  the 
Cardiopulmonary  Exercise  Laboratory, 
University  of  Iowa  Hospitals  and  Clinics,  Iowa 
City.  Iowa. 

Reprints:  Jeff  Wilson  MD,  Division  of 
Pulmonary  Disease,  C-33  GH,  University  of 
Iowa  Hospitals  and  Clinics,  200  Hawkins 
Drive,  Iowa  City  lA  52242. 


Fig.  1.  Chest  radiograph  of  54-year-old  woman  revealing  volume  loss  and  opacification  of 
the  left  hemithorax  from  her  previous  left  pneumonectomy,  and  a  new  2-cm  right  upper 
lobe  cavitary  nodule. 


The  chest  radiograph  revealed  a 
new  2-cm  noncalcified  mass  in  the 
right  upper  lobe  (Fig.  1).  Computed 
tomography  of  the  chest  confirmed 
the  mass  and  gave  evidence  of  en- 
larged mediastinal  lymph  nodes  (Fig. 
2). 


Transbronchial  biopsies  in  the 
right  upper  lobe  taken  during  bron- 
choscopy revealed  non-small-cell 
carcinoma. 

Results  of  pulmonary  function 
tests  and  arterial  blood  gas  analysis 
are  shown  in  Tables  1  and  2. 
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Results  of  Spirometry  and  Diffus- 
ing Capacity  in  54- Year-Old  Wo- 
man, with  40  Pack-Year  Smoking 
Histoid  and  Left  Pneumonectomy 


Fig.  2.  Computed  tomography  confirmed  a  2-cm  right  upper  lobe  nodule  without  evidence 
of  other  parenchymal  masses. 


Test 

Results 

%  Predicted* 

FVC(L) 

1.59 

55 

FEV|(L) 

1.13 

52 

FEV|/FVC 

0.71 

FEF:s-7w(L/s) 

0.73 

28 

FEF„„,(L/s) 

4.53 

78 

D|,co-CORR 

(niL  •  min  '  ■  torr  ')     18.21 

82 

DLCtWA 

4.86 

105 

Va(L) 

3.55 
for  pneumont 

74 

*Not  accounting 

ctomy. 

Table  2.      Results  of  Arterial  Blood  Gases  on 

Room  Air 

Value 

Measured 

Normal  Range 

PH 

7.42 

7.36-7.44 

Pja>:(ton-) 

46 

36-44 

Pal),  (ton) 

83 

85-100 

HCO3   (mEq/L) 

29 

20-25 

How  Would  You  Answer  These  Questions? 

How  do  you  interpret  the  pulmonary  function  test  results? 


How  (Jo  you  interpret  the  arterial  blood  gas  results? 


Is  further  testing  indicated  before  deciding  on  treatment? 
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Answers 

PFT  Interpretation:  Spirometry  re- 
veals a  moderately  severe  ventilatory 
defect  that  is  neither  clearly  obstruc- 
tive nor  restrictive  and  is  consistent 
with  her  previous  lung  resection.  The 
low-normal  Dlco  can  be  seen  even 
after  resection  of  an  entire  lung  due  to 
the  large  amount  of  recruitable  capil- 
lary bed  in  the  remaining  lung. 

ABG  Interpretation:  A  mixed  respi- 
ratory acidosis  and  metabolic  alkalo- 
sis with  normal  oxygenation. 

Further  Testing:  Due  to  patient's 
low  FEV|  and  FVC,  hypercarbia,  and 
previous  left  pneumonectomy,  we 
were  concerned  that  this  patient 
would  be  at  high  risk  for  respiratory 
failure  if  further  lung  resection  were 
undertaken. 

Results  of  early  studies  led  to  the 
prediction  of  postoperative  complica- 
tions and  poor  risk  for  lung  resection 
based  on  abnormal  pulmonary  func- 
tion.' ' 

In  1962.  Stein  et  al-  found  that  21 
of  30  patients  (66'% )  with  abnormal 
preoperative  pulmonary  function  de- 
veloped postoperative  complications. 
Their  criteria  suggesting  an  increased 
risk  were  an  FVC  <  2  L  (70%  of  pre- 
dicted), FEV,  <  1.2  L,  a  Dlco  <  50% 
predicted,  and  a  P^cO:  >  45  torr. 
Lockwood'  reported  the  following 
pulmonary  function  parameters  to  in- 
dicate high  risk  for  lung  re.section: 
FVC  <  1.70  L,  FEV,  <  1.2  L,  or  < 
35%  of  the  FVC.  These  values,  how- 
ever, were  not  corrected  for  the  pa- 
tient's sex,  race,  weight,  and  age. 

In  recent  years,  many  studies  have 
related  the  results  of  exercise  testing 
to  prediction  of  surgical  outcome  and 
have  provided  new  criteria  for  the 
definition  of  high  surgical  risk. 
Exercise  studies  are  another  method 
of  predicting  postoperative  status. 
Because  surgical  resection  was  felt  to 
be  this  patient's  best  chance  for  long- 
term  survival,  a  cartliopulmonary  ex- 


Results  of  Preoperative  Cardiopulmonary  Exercise  Test  in  a  54- Year-Old  Woman  with 
Left  Pneumonectomy 


Measurement 

Measured 

Predicted 

Maximum  Vo,  (mL ■  min  ' 

■kg  1) 

20.8  (869i  predicted) 

24.1 

Maximum  HR  (bea(s/min) 

155 

166 

Maximum  Vi-  (L/min)* 

52 

61 

Breathing  reserve 

15%;  9  L 

>20% 

*Also  known  as  MVV. 

ercise  test  was  performed  to  further 
assess  her  cardiopulmonary  reserve 
(Table  3). 

Based  on  the  results  of  her  exer- 
cise test  showing  a  peak  Vq:  >  20 
mL  •  min  '  ■  kg"',  we  believed  that  she 
could  tolerate  a  resection  as  extensive 
as  a  right  upper  lobectomy.  She  un- 
derwent mediastinoscopy,  which  was 
negative,  followed  by  a  right-upper- 
lobe  wedge  excision  of  the  lesion. 
She  was  extubated  in  the  operating 
room  and  admitted  to  the  surgical  in- 
tensive care  unit  on  40%-  oxygen  by 
face  mask.  After  1  day  in  the  surgical 
intensive  care  unit,  she  was  trans- 
ferred to  the  ward.  She  developed  no 
cardiopulmonary  complications  and 
was  discharged  home  after  6  days  in 
the  hospital.  Her  final  pathology  re- 
port showed  a  large-cell  carcinoma, 
with  no  positive  lymph  nodes.  She 
was  last  seen  in  follow-up  several 
months  later  and  had  continued  to  do 
well.  Postoperative  pulmonary  func- 
tion and  exercise  testing  were  not 
performed.  She  eventually  died  from 
local  recurrence  of  her  disease. 

Discussion 

This  case  illustrates  the  u.se  of  pre- 
operative cardiopulmonary  exercise 
testing  for  patients  with  lung  cancer, 
who  might  not  be  offered  surgery  due 
to  poor  static  lung  function  tests.  It 
was  felt  that  this  patient  was  at  high 
risk  for  further  lung  resertion  surgery 
due  to  her  previous  pneumonectomy, 
low  FEV|  and  FVC,  and  hypercarbia. 
The  results  of  her  caidiopiilmoiiaiy 


exercise  test  suggested,  however,  that 
she  could  tolerate  further  resection. 

Most,'! '  but  not  all,'*'^  studies  ex- 
amining the  use  of  cardiopulmonary 
exercise  testing  in  the  preoperative 
assessment  of  patients  with  broncho- 
genic carcinoma  have  reported  an  ab- 
normally low  maximal  oxygen  con- 
sumption (Vomax)  to  be  the  best  pre- 
dictor of  perioperative  cardiopulmon- 
ary complications.  In  1984,  Smith' 
and  colleagues  reported  that  10% 
(1/10)  of  patients  with  a  Vo.max  >  20 
mL- min'  kg"'  experienced  periop- 
erative complication,  whereas  67% 
(4/6)  of  patients  with  a  Vo,max  of  be- 
tween 15  and  20  mLmin"'    kg'  and 

100%     (6/6)     with     Vo:max    <      15 

mLmin  'kg'  experienced  signifi- 
cant complications.  Importantly,  only 
maximal  oxygen  consumption  dis- 
criminated between  those  who  would 
go  on  to  experience  complications 
and  those  who  would  not.  FEVi, 
FVC,  and  Dlco  were  not  significant- 
ly different  between  the  two  groups. 
Similar  results  have  been  reported  by 
Eugene  et  aH  and  Bechard  and 
Wetstein.''  Recent  data  from  Morice 
et  aP  suggest  that  patients  with  bron- 
chogenic carcinoma  who  would  be 
deemed  medically  inoperable  by  tra- 
ditional criteria  for  pulmonary  func- 
tion, but  who  have  a  Vo.max  >  15 
mL  ■  min  '  •  kg  '  can  undergo  wedge 
resection  or  lobectomy  with  minimal 
complications.  However,  not  all  stud- 
ies have  found  Vo„„;,x  to  be  the  best 
predictor  of  complications  following 
lung  resection.  Possible  explanations 
lor  Ihis  fiiidiiii;  include  ( 1 )  the  inclu- 
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sion  of  data  from  patients  with  sub- 
maximal  tests  (virtually  none  of  the 
studies  have  included  information  to 
enable  judgment  of  whether  each  test 
was  a  maximal  effort);  (2)  inclusion 
of  perioperative  complications  of  a 
technical  nature  as  well  as  cardiopul- 
monary complications  (one  would 
not  expect  that  blood  loss,  for  exam- 
ple, could  be  predicted  by  the  results 
of  a  cardiopulmonary  exercise  test). 

Conclusion 

We  feel  that  cardiopulmonary  ex- 
ercise testing  is  useful  for  assessing 
perioperative  risk  in  patients  with 
lung  cancer  who  are  being  evaluated 
for  lung  resection.  The  test  is  most 
useful  in  identifying  patients  who 
might  otherwise  be  denied  thoracoto- 
my based  on  resting  pulmonary  func- 
tion data.  Surgical  resection  is  the 
only  treatment  modality  associated 
with  long-term  survival  in  patients 
with  non-small-cell  lung  cancer. 
Thus,  it  seems  reasonable  to  offer 
lung  resection  to  those  patients  in 
whom  perioperative  complications 


are  unlikely.  In  general,  we  recom- 
mend surgery  to  patients  with  proven 
or  suspected  clinical  Stage  I  or  II 
bronchogenic  carcinoma,  if  they  can 
achieve  a  peak  Vq,,  or  Vo,max.  >  15 
mLmin  'kg  '.  This  approach  is 
used  even  when  resting  pulmonary 
function  test  results  are  poor,  provided 
resection  can  be  accomplished  with  a 
lobectomy  or  less.  We  also  would  not 
automatically  deny  surgery  to  patients 
with  a  Vo,max  <  15  mL  •  min  '  •  kg  '  if 
their  pulmonary  function  tests  are  ac- 
ceptable. Such  a  situation  can  be  .seen 
in  elderly  or  obese  patients  and  does 
not  contraindicate  surgery.  Whether  a 
Vo,  can  be  safely  reduced  below  15 
niL-min  'kg-'  as  an  acceptable 
lower  limit  for  lung  resection  is  un- 
known and  requires  further  investiga- 
tion. 
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Chatburn's  Ventilator  Classification 

Scheme — A  Poor  Substitute  for  the 

Classic  Approach 

The  specter  of  ventilator  classitlcation 
has,  once  again,  materialized.  According 
to  letters  to  the  editor  and  responses  to 
them  in  Respiratory  Care,  the  ability  to 
properly  classify  ventilators  still  eludes 
some  practitioners.'  ■  The  recent  wave  of 
confusion  originates  with  a  so-called 
"new"  system  for  understanding  mechan- 
ical ventilators  devised  by  Chatburn.'-'' 
We  agree  with  Chatburn  that  our  ability 
to  communicate  about  mechanical  venti- 
lators can  be  hampered  by  an  inadequate 
classification  scheme.'  However,  we  take 
strong  exception  to  his  assertion  that  the 
problem  results  from  "loose  collections 
of  unrelated  facts"  or  because  the  conven- 
tional scheme,  which  was  devised  by 
Mushin,  is  "founded  on  descriptions  of 
mechanical  archetypes."'  The  problem  is 
not  the  classification  system  itself  but 
what  the  system  seeks  to  organize:  not 
simply  a  machine,  but  a  machine  that  in- 
teracts with  a  physiologic  system. 

Because  of  the  complexity  of  mechan- 
ical ventilators  and  mechanical  ventila- 
tion, the  task  of  understanding  and  classi- 
fying ventilators,  a  tedious  and  time-con- 
suming endeavor,  frustrates  and  confuses 
practitioners  and  is,  at  best,  difficult.  For 
instance,  ventilator  function  can  be  based 
on  any  of  a  seemingly  limitless  array  of 
different  mechanical  technologies.  To 
make  matters  worse,  depending  on  the 
classification  system,  some  mechanical 
ventilators,  like  chameleons,  change  class 
in  mid-breath.  Indeed,  it  just  might  not  be 
humanly  possible  to  simplify  such  a  com- 
plex system  without  sacrificing  essential 
information  and,  thus,  comprehension  of 
it.  Therefore,  Chatburn's  proposal  for 
classifying  ventilators' '  raises  several 
questions  in  our  minds.  First,  Is  the  sys- 
tem really  new'.'  More  importantly.  Does 
it  really  simplify  or  improve  ventilator 
classification? 

After  reading  and  rereading  explana- 
tions and  discussions  about  Chatburn's 
proposed  system,'^  it  is  apparent  to  us 
that  it  is  not  entirely  new.  In  fact,  Chat- 
burn's system  represents  only  a  slight 


modification  of  the  original  system 
(Table  1);  therefore,  it  is  exactly  what  he 
claims  it  is  not:  "A  variation  on  the  clas- 
sic work  of  Mushin  et  al  first  published  in 
1959."""*  Both  systems  culminate  with  a 
mathematical  problem;  Chatburn's  ap- 
proach, however,  although  deceivingly 
simple  to  apply,  is  more  complicated  (it 
has  more  steps)  and  lacks  specificity  (too 
many  different  ventilators  end  up  with  an 
identical  classification),  which  results  in 
confusion. 

Without  question,  Chatburn  was  the 
first  to  propose  the  use  of  the  Rhorer 
equation  (equation  of  motion  for  the  res- 
piratory system)  to  classify  ventilators. 
According  to  this  proposal,  in  theory,  a 
ventilator  can  control  only  one  of  the  four 
variables  in  the  equation  of  motion  at  a 
time  (flow,  pressure,  volume,  or  time).  By 
deciding  which  variable  the  ventilator 
"controls,"  we  thus  classify  the  ventilator 


as  a  pressure-,  flow-,  volume-,  or  time- 
controller.  The  remaining  three  "uncon- 
trolled" variables  become,  by  default,  de- 
pendent (or  response)  variables.  The  con- 
cept of  ventilator  control  coupled  with  the 
equation  of  motion  superficially  appears 
to  offer  an  ideal  basis  for  classifying  ven- 
tilators. Unfortunately,  in  the  real  world, 
a  ventilator  designed — in  theory — to  con- 
trol a  particular  variable  when  used  for 
mechanical  ventilation  may  in  practice 
function  quite  differently.  Furthermore, 
theoretical  ventilator  types  do  not  neces- 
sarily translate  into  useful  or  practical 
ventilator  designs.  The  Chatburn  classifi- 
cation system,  thus,  becomes  a  two-vari- 
able classification  because  volume-con- 
trollers are  impossible  and  time-con- 
trollers are  impractical. 

A  volume-controller,  by  definition,  is 
a  technical  impossibility.  As  Chatburn 
says,  a  volume-controller  "must  ( 1 )  main- 


Table  1 .     The  Mushin  System  of  Ventilator  Classification  Contrasted  with  the  Chatburn  System* 


Theoretical  Phase 

Mushin 

Chatbum 

Inspiratory 

Inspiratory 

1 .  Pressure  generators 
— Constant 

— Nonconstant 

2.  Flow  generators 
— Constant 

— Nonconstant 

Inspiratory 

1 .  Control  variable 
— Pressure 

— Flow 

2.  Limit  variable 
— Pressure 

— Flow 
— Volume 

Cycling 

Changeover  phase  (cycling; 
inspiration  to  expiration) 

1.  Time 

2.  Pressure 

3.  Flow 

4.  Volume 

Cycle  variable 

1 .  Time 

2.  Pressure 

3.  Flow 

4.  Volume? 

Expiratory 

Expiratory  phase 

1.  PEEP 

2.  CPAP 

Baseline  variable 

l.PEEP 

2.  CPAP 

Brealh  initiation 

Changeover  phase 

1.  Time 

2.  Pressure 

3.  Flow 

Trigger  variables 

1 .  Time 

2.  Pressure 

3.  Flow 

4.  Volume 
rn's  scheme  separates  the  control  atid  lin 

n  variables 

4.  Volume 

♦Although  ChatbL 

these  variables  operate  only 

during  the  inspir 

itory  phase 

and  were  so  listed.  Otherwise 

except  for 

order  (Chatburn  begins  with 

brealh  initiation 

ind  Mushii 

with  inspiration),  the  systems 

are  virlually  identical.  PEEP  =  positive 

end-expiratory  pressure;  CPAP  =  continuous  positive  airw; 

y  pressure. 
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tain  an  approximately  constant  volume 
waveform  in  the  face  of  a  varying  load 
and  (2)  measure  volume  and  use  the  sig- 
nal to  control  the  volume  wavefonn."'*  In 
addition,  to  distinguish  a  volume-  from  a 
flow-controller,  volume  imisr  be  mea- 
sured volumetrically  (by  displaceinent  of 
a  piston  or  bellows)  and  not  by  integrat- 
ing flow  with  time.'''  Without  using  a 
body  box  (plethysmograph).  it  is  virtually 
impossible  to  volumetrically  measure  a 
quantity  of  gas  serving  as  a  patient's  tidal 
volume. 

Time-controllers,  although  theoreti- 
cally possible,  offer  no  clinical  advantage 
and  might  even  be  dangerous.  With  a  true 
time-controller,  flow,  pressure,  and  vol- 
ume vary  in  response  to  any  variation  in 
compliance  or  resistance.  Thus,  all  me- 
chanical ventilators  must  be  either  pres- 
sure- or  flow-controllers.  Does  this  sound 
familiar?  Chatburn's  system  is  virtually 
identical  to  Mushin"s,  which  also  classi- 
fies ventilators  into  two  broad  categories: 
pressure-  and  tlow-generators.  We  are 
now  left  with  the  difference  between  a 
controller  and  a  generator,  and,  in  the 
context  of  mechanical  ventilation,  the 
words  are  synonymous.  The  Mushin  sys- 
tem, however,  is  superior  because  it  pro- 
ceeds to  further  subdivide  ventilators  into 
constant  and  nonconstant  variants,  which 
yields  a  total  of  four  basic  ventilator  types 
compared  with  Chatbum's  two. 

Chatbum's  repeated  claim  that  Mush- 
in" s  scheme  is  based  on  "archetypes"  that 
are  "irrelevant,"^''  is  clearly  biased.  Mush- 
in's  conception  of  constant  and  noncon- 
stant pressure-  or  flow-generators  was  de- 
veloped from  a  carefully  reasoned  theo- 
retical framework,  which  resulted  in  a 
system  that  is,  indeed,  archetypical  or 
prototypical — not  in  the  sense  of  serving 
as  a  "model  for  a  later  period"  but  in  the 
sense  of  serving  as  a  "perfect  example."'' 
Put  simply.  Mushin  demonstrated  that 
physiologic  variations  in  flow,  pressure, 
or  volume  during  mechanical  ventilation 
result  from  mathematically  definable  in- 
teractions between  the  pressure  generated 
(Pg)  by  the  ventilator  and  the  lungs.  The 
relationship  is  just  as  valid  today  as  it  was 
more  than  30  years  ago.  Contrary  to  Chat- 
bum's  assertions,  the  concept  of  Pq  does 
apply  to  today's  third-generation  ventila- 
tors, which  employ  an  a.stounding  range 
of  Pg:  0  to  120  cm  HiO  (adjustable)  with 


the  Siemens  900C,  3.'iO  cm  H2O  (approxi- 
mately) with  the  Hamilton  Veolar.  750 
cm  H:0  with  the  7200,  1,875  cm  HjO 
with  the  Bird  6400ST,  and  a  level  equiva- 
lent to  the  particular  peak  inflation  pres- 
sure (PIP)  or  support  level  with  all  venti- 
lators capable  of  pressure-controlled  ven- 
tilation (PCV)  or  pressure  support  ven- 
tilation. 

Once  one  has  learned  Mushin's  venti 
lator  classification,  it  is  more  descriptive 
and  provides  more  information  than 
Chatburn's  alternative.  For  instance, 
imagine  a  Siemens  900C  with  the  follow- 
ing settings. 

Mode:  volume  control 

Pg:  70  cm  H;0 

Flow  pattern:  square  waveform 

PIP:  60  cm  H:0 

Using  Chatburn's  approach,  these  set- 
tings indicate  that  the  ventilator  is  con- 
trolling flow.  The  classification  of  flow- 
controller,  however,  is  misleading  be- 
cause, although  the  Siemens  controls 
flow  electronically,  the  regulated  Pg  is  in- 
sufficient to  overcome  impedance;  thus, 
inspiratory  flow  diminishes.  That  is.  the 
flow  pattern  with  these  settings  resembles 
a  descending  ramp  rather  than  the  pro- 
grammed (flow-controlled)  square  wave. 
According  to  Mushin's  more  practical  ap- 
proach, when  Pg  fails  to  exceed  the  ex- 
pected PIP  by  at  least  five  times,  inspiratory 
flow  progressively  diminishes  throughout 
each  mechanical  breath.  In  this  scenario, 
then,  the  Siemens  is  generating  constant 
pressure,  not  controlling  flow;  therefore, 
it  is  best  classified  under  these  conditions 
as  a  "constant-pressure  generator"  not  a 
"flow-controller."  The  resultant  interac- 
tion between  ventilator  and  lungs  is  pre- 
cisely as  described  by  Mushin.''* 

In  another  example,  one  author,  using 
Chatburn's  scheme,  classifies  an  iron 
lung,  the  Bird  Mark  series  ventilators,  and 
the  Bennett  PR-2  as  pressure-controllers- 
but  then  goes  on  to  state  that  none  of 
these  devices  is  capable  of  PCV!  In  hei 
response,  Piedalue  concurs  that  these 
ventilators  are  indeed  pressure-con- 
trollers, but  that  it  is  "oxymoronic"  to 
suggest  that  a  pressure-controller  cannot 
provide  PCV.-  Had  these  authors  consult- 
ed Mushin,  such  confusion  would  have 
been  avoided.  Iron  lungs,  when  classified 
as  "nonconstant  pressure  generators"  are, 
by  definition,  incapable  of  PCV — only  a 
constant-pressure  generator  can  produce 


PCV.  The  Bennett  PR-2.  on  the  other 
hand,  functions  as  a  "constant- pressure 
generator."  and.  thus,  is  capable  of  PCV. 
provided  the  ventilator  is  operated  in  the 
time-cycled  mode. 

Classifying  the  Bird  Mark  7  requires 
knowledge  of  the  equipment  and  the  op- 
erating environment  With  the  aii mix 
control  turned  off  a  Bird  Mark  7  gener- 
ates a  constant  flow  (Mushin)  or  controls 
flow  (Chatbum).  Changes  in  impedance 
will  not  affect  the  flow  pattern  With  the 
air-mix  control  turned  on.  an  air-entrain- 
ing venturi  provides  a  high  initial  flow- 
rate  (indistinguishable  from  PCV).  In 
Mushin's  terms,  at  the  beginning  of  a 
breath,  the  Mark  7  generates  constant 
pressure.  Inspiratory  flow,  however, 
rapidly  diminishes  ("pneumatic  clutch- 
ing" according  to  Bird)  and.  once  proxi- 
mal airway  pressure  reaches  approxi- 
mately 12  cm  H2O,  the  venturi  gate  closes 
(entrainment  ceases).  For  the  remainder 
of  the  breath,  the  ventilator  reverts  to  gen- 
erating a  constant  flow.'"  Ihat  is,  to  pre- 
vent confusion,  a  Bird  Mark  7.  with  the 
air-mix  control  on.  must  be  classified  dif- 
ferently depending  on  whether  PIP  is  less 
than  or  greater  than  12  cm  HiO  Based  on 
cycling  criteria,  the  Mark  7  is  incapable 
of  PCV-  (a  Mark  7  cannot  be  time-cy- 
cled). 

The  atoiementioned  examples  clearly 
illustrate  the  ambiguities  fostered  by  the 
Chatburn  approach;  there  are  many  oth- 
ers. These  examples  also  demonstrate  that 
simply  classifying  a  ventilator  does  not 
necessarily  translate  into  understanding 
that  particular  ventilator.  A  simple  system 
IS  not  bad  per  se.  but  when  it  becomes  an 
oversiinplituathm.  problems  ultimately 
result  because  it  then  discourages  stu- 
dents from  spending  the  time  and  energy 
required  to  leain  and  comprehend  a  supe- 
rior but  complex  system 

In  summary,  to  undei stand  and  cohei 
ently  communicate  about  mechanical 
ventilators,  the  respiratory  and  ciitical 
care  communities  require  an  adequate 
classification  scheme.  Before  adopting 
and  implementing  the  Rhorer  equation  as 
the  basis  ot  ventilatoi  classitication.  how- 
ever, this  modified  appioach  should  ob 
jectively  demonstrate  improvements  in 
both  arenas.  The  evidence  presented  here 
clearly  illustrates  that  the  Rhorer  equa 
tion.  although  it  seems  to  facilitate  venti- 
lator classification,  does  not  facilitate  our 
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understanding  of  or  our  ability  to  commu- 
nicate about  ventilators.  At  best.  Chat- 
bum's  suggested  mathematic  approach 
generates  descriptions  almost  identical  to, 
but  not  as  infonnative  as.  those  developed 
from  Mushin's  more  pragmatic  approach. 
This  situation  results  because,  even  though 
a  mathematical  equation  is  the  single 
most  precise  and  reproducible  method  for 
representing  scientific  data,  a  single  equa- 
tion seldom  adequately  describes  the 
tremendous  number  of  biologic  interac- 
tions in  nature  or,  for  that  matter,  in  ma- 
chines. As  a  result.  Chatbum's  approach 
introduces  inflexibility  into  ventilator 
classification — a  ventilator  is  defined  by 
its  control  of  only  a  single  variable.  In  re- 
ality, however,  ventilators  often  control 
different  variables  under  different  condi- 
tions. The  predictable  outcome  of  using 
such  an  inflexible  classification  scheme  is 
double  jeopardy:  It  instills  false  confi- 
dence while  it  obscures  understanding. 
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Chatburn  responds: 

Blanch  and  Desautels  argue  that  (A) 
my  classification  system  is  ".  .  .  virtually 
identical  to  Mushin's  .  .  ."  and  (B)  my 
system  is  worse  because  it  is  more  com- 
plicated and  less  specific.  Their  first  argu- 
ment fails  immediately  on  the  basis  of  el- 
ementary deductive  logic:  If  A  is  no  dif- 
ferent from  B,  then  B  cannot  be  better  or 
worse  than  A.  If  my  system  is  no  different 
from  Mushin's  then  how  could  it  be 
worse?  Because  their  logic  is  faulty,  it  is 
not  surprising  that  their  proof  is  inade- 
quate. 

They  offer  a  table  that  compares 
Mushin's  division  of  the  ventilatory  cycle 
compared  to  mine  and  conclude  that  they 
are  only  slightly  different.  In  the  first 
place.  I  have  openly  adopted  and  credited 
Mushin's  idea  of  having  four  phases  to 
the  ventilatory  cycle,  and  even  credited 
Desautels  with  the  concept  of  phase  vari- 
ables,' so  one  would  expect  the  two  sys- 
tems to  be  similar  on  these  points.  But. 
more  importantly,  division  of  the  ventila- 
tory cycle  accounts  for  only  a  fraction  of 
the  classification  system.  My  system  is 
based  on  control  variables,  phase  vari- 
ables, conditional  variables,  and  condi- 
tional logic,  all  of  which  are  founded  on 
the  equation  of  motion  for  the  respiratory 
system  (which  Blanch  and  Desautels  con- 
cede is  an  original  basis  for  classifica- 
tion). I  have  defined  the  necessary  and 
sufficient  criteria  for  all  these  concepts 
and  have  extended  the  definitions  to 
terms  related  to  ventilalor  use  (ie,  modes 


of  ventilation),  such  as  the  concept  of 
mandatory  and  spontaneous  breaths.  I 
have  even  extended  the  system  to  include 
alarms  systems.  Such  definitions  have 
never  before  been  presented  in  a  systema- 
tic and  coherent  fashion,  which  is  why 
there  has  been  so  much  confusion.  The 
only  legitimate  argument  centers  on  the 
usefulness  of  the  system,  not  its  originali- 
ty- 

The  real  issue  here  is  whether  the  new 
system  is  better  (ie,  more  useful)  than 
others.  My  criteria  forjudging  quality  are 
that  the  system  ( I )  be  based  on  a  relevant 
theoretical  framework;  (2)  be  consistent 
with  terminology  from  other  disciplines 
and.  where  possible,  with  established 
concepts;  (3)  be  specific  and  based  on  ex- 
plicit definitions;  and  (4)  provide  ade- 
quate detail.-  Blanch  and  Desautels  say 
the  new  system  is  not  useful  because  it  is 
more  complex  and  less  specific.  I  say  that 
the  new  system  can  have  as  much  com- 
plexity as  one  wishes.  With  the  outline 
approach  I  suggested,'  one  can  specify  as 
little  or  as  much  detail  as  desired.  Let's 
take  a  sophisticated  ventilator  like  the 
Puritan-Bennett  7200.  The  simplest  de- 
scription focuses  on  the  control  scheme:  it 
is  a  pressure-  and  flow-controller.  Or.  one 
could  specify:  (1)  the  input  power  source 
(pneumatic),  (2)  the  drive  mechanism  (pro- 
portional valve),  (3)  the  control  scheme 
(pressure  and  flow  control  with  several 
phase  variables  and  conditional  logic  op- 
tions), and  (4)  the  output  in  terms  of  pres- 
sure, volume,  and  flow  waveforms  (of 
which  there  are  several).  Each  of  these 
categories  can  have  more  detail  if  desired. 
From  this  proceeds  specificity,  again  to 
any  level  of  distinction  required.  That  is 
the  beauty  and  flexibility  of  the  new  sys- 
tem not  seen  in  previous  systems.  I  offer 
Table  1  as  proof  If  specifics  of  a  "better" 
system  are  provided,  we  can  have  a  mean- 
ingful discussion. 

Blanch  and  Desautels  claim  that  my 
system  lacks  specificity  because  too 
many  ventilators  end  up  with  an  identical 
classification.  They  try  to  invalidate  the 
system  by  saying  it  can  distinguish  only 
pressure-  and  flow-controllers  because  "a 
volume-controller,  by  definition,  is  a 
technical  impossibility'  Are  they  ignor- 
ing the  new  SechrisI  22(WB  ventilator,  the 
variety  of  piston-driven  homc-carc  venti- 
lators, or  even  the  older  Emerson  models 
and  the  venerable  Bennett  MAI?  All  of 
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I.  Drive  Power* 

A.  Pneumatic 

B.  Electric 


II.  Drive  Mechanism 


A.  Compressor 
1 .  External 


B.  Motor  and  j[nkage 

1 .  Compressed  gas/direct 

2.  Electric  motor/rotating  crank 


3.  Electric  motor/threaded  rod 
C.  Output  control  valves 

1.  Pneumatic  diaphragm 

2.  Pneumatic  poppet  valve 
3^  Electric  poppet  valve 

4.  Electric  proportional  valve 
III.  Control  Scheme      

A.  Control  circuit 


iimtffl: 


•  •  •  • 


•  •  •  •  • 


B.  Control  Vanables 
1.  Pressure 


C.  Phase  Variables 


1 .  Trigger 


b.  volume 


c.  flow 


d.  time 


e.  manual  

t.  optional  external  source 

2.  Limit  Vanable 

a.  pressure 


•     •    •    • 


•    W^^*     •     •    »~ 


-V 


b.  volume 


c.  flow 


3.  Cycle  Variable 


»   ^    •    • 


a.  pressure 


Table  1 .  The  New  Ventilator  Classi- 
fication System  Applied  to  Some 
Current  ICU  Ventilators 


b.  volume 


e.  time 


IV.  Output 


A.  Pressure 


1 .  Rectangular 


2.  Exponential 


3.  Adjustable 


B.  Volume 


1 .  Ascending  Ramp 


,s.,.^.:.j 


'iMe 


2.  Sinusoidal 


C.  Flow 


1 .  Rectangular 


2.  Ascending  Ramp  

3.  Descending  Ramp 

4.  Sinusoidal  

5.  Adjustable  

y.  Ajarms  

A.  Input  Pow/er  Alarms 

1.  Loss  of  electric  power   

2.  Loss  of  pneumatic  power 

B.  Control  Circuit  Alarms 

1.  General  Systems  Failure 

2.  Incompatitple  Settings 

3.  Inverse  l:E  Ratio 


•"Ti    TTi^"»^Tf  "  cr^»^T  -if 


C.  Output  Alarms 


1 .  Pressure 


a.  high  peak 


b.  low  peak 


c.  high  baseline 


d.  low  baseline 


e.  high/low  mean 
2.  Volume 


a.  low  tidal  volume 

3.  Flow  

a.  High  minute  ventilation_ 

b.  Low  minute  ventilation 

4.  Time 


a.  High/low  ventilatory  rate 1        •    "  ,"  •    1  •         • 

b.  Apnea"  •  .  ^        .  ,    ,    ,         •  •    < 

5.  Inspired  Gas  ; 

a.  High/low  F1O2     \ •         • 

'  Power  source  for  generating  breatfi;  electncity  is  usually  required  for  control  system. 

1  Requires  optional  monitor, 

2  Pressure  waveform  adjustable  as  a  function  of  pressure  and  flow  settings. 


765 


LETTERS 


these  devices  fit  my  criteria  for  a  volume- 
controller.  In  my  original  paper,  one  crite- 
rion was  that  the  delivered  volimic  had  to 
he  measured  directly  by  displacement  of  a 
piston.  However,  during  the  AARC  Con- 
sensus Conference  on  Mechanical  Venti- 
lators, Dr  Tom  East  pointed  out  that  a 
more  general  criterion  (and  more  correct 
from  the  standpoint  of  control  theory)  is 
that  the  ventilator  use  a  volume  signal  to 
control  the  volume  waveform:  so,  1  re- 
vised my  criteria  for  volume-controllers. - 
Thus,  a  piston-driven  ventilator  qualifies 
as  a  volume-controller  because  it  main- 
tains a  consistent  volume  waveform,  it 
measures  volume  as  the  stroke  of  the  pis- 
ton, and  the  piston  rod  and  linkage  pro- 
vide a  simple  and  elegant  feedback  mech- 
anism. Any  other  ventilator  that  acquires 
a  volume  signal  (for  instance  by  integrat- 
ing a  fiow  signal)  and  uses  it  for  control 
potentially  qualifies  as  a  volume-con- 
troller. For  example,  the  Sechrist  2200B 
measures  pulses  sent  to  a  stepper  motor 
that  drives  a  piston.  Each  pulse  represents 
an  incremental  volume  delivered  to  the 
patient  circuit,  qualifying  the  \'entilator  as 
a  volume-controller. 

I  do  not  believe  as  Blanch  and  De- 
sautels  suggest  that  "Without  using  a 
body  box  ...  it  is  virtually  impossible  to 
volumetrically  measure  a  quantity  of  gas 
serving  as  a  patient's  tidal  volume."  On 
the  contrary,  a  calibrated  super  syringe  is 
often  used  to  precisely  measure  inspired 
volume  to  determine  static  compliance.' 
All  bedside  pulmonary  function  devices 
and  metabolic  carts  measure  tidal  volume 
using  a  pneumotachometer,  not  a  plethys- 
niograph.  A  volume-controlled  ventilator 
is  an  approximation  to  these  devices.  The 
principle  is  the  same,  only  the  level  of  ac- 
curacy is  different  because  of  the  im- 
pedance of  the  patient  circuit.  The  effects 
of  the  patient  circuit  on  the  accuracy  of  a 
ventilator's  delivery  device  were  fully  de- 
scribed in  my  original  article.' 

Blanch  and  Desautels  state  that  limc- 
controllcrs  ".  .  .  offer  no  clinical  advan- 
tage and  might  even  be  dangerous." 
Every  high  frequency  jet  ventilator  I  ha\e 
seen  (except  the  Bunnell  Lifel'ulse.  bin 
including  the  Infrasonics  1010),  all  How 
interrupters  (eg,  the  Infrasonics  HFV 
module  on  the  Infant,Slar  ventilator),  and 
some  high  frequency  oscillators  are  time- 
controllers  by  my  definitions.  There  is  a 
large  body  of  clinical  dala  spanning  llic 


last  15  years  that  shows  there  are  clinical 
advantages  to  HFV.  In  the  14  years  that  I 
have  been  building  and  using  high  fre- 
quency jet  ventilators,  I  have  found  them 
to  be  safer  and  more  reliable  than  conven- 
tional ventilators,  precisely  because  of 
their  simplicity. 

So,  the  bottom  line  is  that  my  system 
does  make  practical  distinctions  between 
four  basic  types  of  ventilators:  pressure- 
controllers,  volume-controllers,  flow- 
controllers,  and  time -controllers.  My  sys- 
tem allows  for  discrimination  based  on 
input  power  source,  drive  mechanism, 
control  scheme,  and  output  waveforms, 
and  each  of  these  characteristics  has  sev- 
eral defined  variations.  Mushin  distin- 
guishes only  between  pressure-con- 
trollers and  tlow-controllers.  Now,  which 
system  do  yon  think  is  more  specific? 

I  still  maintain  that  the  concept  of 
"generated"  pressure,  Pg  (in  the  sense  of 
a  driving  pressure  input  to  the  flow-con- 
trol device  as  Mushin  used  if*),  is  largely 
unnecessary  if  one  focuses  the  classifica- 
tion scheme  on  the  variables  of  the  equa- 
tion of  motion.  It  may  be  useful  in  decid- 
ing whether  classification  criteria  are  met, 
such  as  Mushin's  rule  of  thumb  that  driv- 
ing pressure  be  5  times  peak  airway  pres- 
sure to  ensure  constant  inspiratory  flow, 
but  further  reference  to  it  is  not  very  help- 
ful. Thus,  if  a  ventilator  is  a  volume-  or 
flow-controller  by  the  defined  criteria,  it 
is  totally  irrelevant  whether  the  generated 
pressure  is  100  cm  H2O  or  1,875  H.O.  If 
the  ventilator  is  acting  as  a  pressure-con- 
troller, in  many  cases  it  is  using  a  high 
generated  pressure  to  deliver  the  high 
flow  necessary  to  maintain  the  desired 
pressure  limit.  For  example,  the  Bear 
1000  has  internal  regulators  to  maintain 
air  and  oxygen  generated  pressure  at  18 
psi  (about  1 ,265  cm  HiO),  so  //  has  a  /;/?/( 
(Iriviiii;  pressure  rei>anlless  ofwlicther  it 
is  ii(liiif>  lis  a  jlon-conlroiler  or  11  prcs- 
siirc-iontrollcr.  So,  it  is  meaningless  to 
refer  to  the  generated  pressure  in  the  case 
of  this  and  just  about  any  other  current 
model  ICU  ventilator  designed  to  operate 
the  same  way. 

It  is  true  that  the  dri\ing  pressure  of 
the  Siemens  9()0C  can  be  user  adjusted  (a 
rare  feature),  but  setting  the  generated 
pressure  loo  low  in  the  volume-control 
mode  simply  makes  the  ventilator  a  poor 
volimie-controller.  Remember,  a  neces- 
sarv  criterion   lor  bcini;  a  volume-con- 


troller is  that  the  volume  waveform  re- 
mains relatively  unchanged  as  the  load  in- 
creases, not  that  a  switch  on  the  panel  of 
the  ventilator  says  "volume  control."  I 
provided  explicit  criteria  for  determining 
control  variables  and  even  expressed 
them  as  algorithms  to  avoid  just  this  type 
of  confusion.  That  such  a  situation  could 
occur  with  a  ventilator  is  the  result  of  vio- 
lating basic  design  rules''  rather  than  a 
weakness  of  any  classification  system. 

Blanch  and  Desautels  mention  that 
one  reader  was  confused  about  pressure- 
controlled  ventilation.'''  Piedalue  correct- 
ly points  out  that  it  is  ridiculous  to  say 
that  pressure-controllers  cannot  provide 
PCV  (pressure-controlled  ventilation  by 
my  definition)  and  seems  to  have  a  good 
understanding  of  the  new  classification 
system.  Blanch  and  Desautels  make  the 
same  mistake  as  the  original  reader  by 
saying  that  nonconstant  pressure  genera- 
tors, by  definition,  are  incapable  of  pres- 
sure-controlled ventilation.  Earlier  they 
made  a  big  point  of  the  fact  that  the  ternis 
"controller"  and  "generator"  are  synony- 
mous. So,  in  their  own  terms,  a  noncon- 
stant pressure  "controller"  is  incapable  of 
pressure-controlled  ventilation,  which  is 
obviously  self-contradictory.  This  is  an 
example  of  how  focusing  on  archetypal 
mechanical  devices  can  lead  to  contradic- 
tory statements  and  confusion.  They  are 
confusing  the  concept  of  generated  pres- 
sure (ie,  the  pressure  drop  across  the  ven- 
tilator's internal  resistance  and  the  pa- 
tient's respiratory  system  resistance)  with 
the  concept  of  transrespiratory  pressure 
(ie,  the  pressure  drop  across  the  patient's 
respiratory  system  alone).  It  is  also  a  per- 
fect example  of  how  confusion  is  created 
by  not  defining  your  terms.  Blanch  and 
Desautels  never  define  "PCV"  in  their  let- 
ter, so  references  to  constant  pressure 
generators  and  lime-cycling  are  bewilder- 
ing. In  contrast,  by  focusing  on  the  equa- 
tion of  motion,  I  identified  the  key  vari- 
ables describing  patient-machine  interac- 
tion: pressure  across  the  respiratory  sys- 
tem, volume,  and  flow  into  the  respiratory 
system.  I  defined  pressure-controlled 
ventilation  as  meaning  that  the  ventilator 
controls  transrespiratory  pressure  to  gen- 
erate inspiratory  volume  and  flow.  If  you 
want  to  explain  the  pressure  waveform, 
then  do  so  in  a  descriptive  fashion  using 
accepted  mathematical  terminology  as  1 
have  cnillinetl  elsewhere,'  '  The  definition 
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of  a  pressure-controller  need  have  noth- 
ing to  do  with  drive  pressures,  which 
might  be  high  (eg,  5  times  peak  inspirato- 
ry pressure)  or  low  depending  on  the  ven- 
tilator design.  Designations  such  as  con- 
stant or  nonconstant  pressure  generator 
are  simplistic,  confusing,  and  anachronis- 
tic because  Ihey  are  based  on  obsolete 
ventilator  drive  mechanisms  (eg,  bag-in- 
box  systems  driven  by  pistons  and  injec- 
tors). 

One  key  point  that  Blanch  and  De- 
sautels  have  overlooked  is  that  a  compre- 
hensive classification  system  should  de- 
scribe not  only  the  ventilator  but  also  how 
the  ventilator  operates.  Specifically,  the 
system  should  organize  and  provide  a 
framework  for  understanding  ventilator 
modes.  My  system  does  this — Mushin"s 
does  not.  Nor  would  we  expect  this  from 
a  book  last  updated  14  years  ago.  This 
may  be  one  reason  why  Blanch  and 
Desautels  confuse  pressure-controllers 
and  PCV.  Manufacturers  have  not  at- 
tempted to  standardize  nomenclature  and 
may  even  have  added  to  our  confusion  by 
creating  names  that  make  their  products 


seem  unique,  hence  emphasizing  differ- 
ences rather  than  similarities.  The  indi- 
vidual trying  to  learn  about  ventilators  is 
faced  with  a  dilemma.  The  usual  response 
is  to  try  memorizing  whatever  manufac- 
turers say  about  their  products  and  to  try 
not  to  think  about  the  inconsistencies  and 
contradictions.  At  the  time  of  this  writing, 
there  are  more  than  20  different  modes  on 
different  types  of  ventilators,  with  some 
individual  ventilators  offering  as  many  as 
9. 

A  more  rational  approach  is  based  on 
the  realization  that  any  mode  reduces  to 
one  of  three  general  patterns  of  mandato- 
ry and  spontaneous  breaths:  a  pattern  of 
all  mandatory  breaths,  all  spontaneous 
breaths,  or  some  combination  of  the  two 
based  on  conditional  logic.  These  three 
groups  can  be  further  broken  down  to 
eight  generic  modes  based  on  the  control 
variable  for  mandatory  breaths  (ie,  vol- 
ume control,  pressure  control,  or  dual 
control).  For  simplicity,  i  will  use  the 
term  "volume  control"  to  signify  that  the 
inspiratory  volume  waveform  is  either  di- 
rectly controlled  by  the  ventilator  or  indi- 


rectly controlled  by  controlling  the  flow 
waveform.  Dual  control  means  that  both 
pressure  and  volume  are  monitored  and 
used  as  control  signals  (however,  at  any 
particular  moment  during  inspiration,  ei- 
ther one  or  the  other  is  being  controlled, 
not  both,  as  dictated  by  the  equation  of 
motion).  With  this  system,  we  need  only 
identify  the  type  of  conditional  logic  that 
switches  between  mandatory  and  sponta- 
neous breaths  to  account  for  all  current 
modes  of  ventilation  (Table  2). 

If  you  completely  understand  the 
generic  inodes  shown  in  Table  2,  then  any 
term  coined  by  a  manufacturer  can  be 
easily  fitted  to  your  understanding  rather 
than  trying  to  adjust  your  understanding 
to  an  arbitrary  description  given  in  an  op- 
erator's manual.  Using  this  system,  com- 
munication about  modes  is  simplified  and 
yet  is  more  precise.  An  example  of  more 
precision  is  the  following:  Describing  a 
mode  as  volume-controlled  continuous 
mandatory  ventilation  is  much  more  de- 
scriptive than  saying  assist/control.  The 
latter  term  could  just  as  well  mean  pres- 
sure-controlled continuous  mandatory 


Table  2. 

"Generic' 

Ventilator  Modes* 

Mandatory  Breaths 

Spontaneous  Breaths 

Patlern 

Control 

Trigger        Limit 

Cycle 

Trigger         Limit         Cycle' 

Conditional  Logic  Examples 

vc= 

DC 


pt/m' 
pt/m 
pi/ni 


tlow* 
pressure 
pressure 


volume/time 
time 
time 


If  sigh  interval  elapsed,  increase  tidal  volume 

If  target  expired  V]  not  met,  increase  pressure  limit^ 


VC 


pl/ni 


flow 


volume/time 


If  pt  efton  in  IMV  window,  synchronize  breath 

(ie,  SIMV) 
If  target  minute  ventilation  not  met.  increase  rate 

(ie,  MMV)» 
If  pi  effort  in  .SIMV  window,  synchronize  breath 

(ie,  SIMV) 
If  target  inspired  Vj  not  met,  mandatory,  else 

spontaneous' 


If  lurgcl  expired  V|  nol  met,  increase  pressure  limit'" 

*  Allcurrcnl  mudc\  ol  vcnitluliun  can  be  uniquely  described  b>  uneuleighl  biisic  puuerns  ol  inuiidaUiiy  auil  .spunlaiieous  breullis,  niudilied  wuli  ihe  apprnpnale  ciindtluinal  logic  CMV  =c()riliiiu()UMnaii 
lory  ventilation.  IMV  =  intermittent  mandatory  ventilation,  CSV  =  continuous  spontaneous  ventilation. 

'  Flow-cycling  may  be  replaced  by  pressure-cycling  on  some  ventilators  or  may  be  putienl-controlled  (eg,  continuous-Dow  CPAP  systems).  Tbc  most  sopliisticateU  systems  deliver  "pressure  support" 
spontaneous  breaths  as  illustrated  here.  Note  that  it  the  pressure  support  level  (ie.  the  pressure  limitl  is  scl  to  zero,  the  breath  is  still  prcssure-limilctl  to  the  baseline  level 
^  Volume-controlled  (includes  flowcontrollcis  lor  siiiiphcily  bccuusc  tlou  .mil  volume  ,ire  inverse  luiKlions) 
'  Patient-  (pt»  or  machine-  (mj  triggered. 
^  An  inspiratory  hold  would  create  a  volume  limn 

*  Prcvsurc-contrtillcd. 

^ Dual-controiled  (ie.  volume  and  pressuie).  eilher  pressure  is  controlled  wilhm  .1  hiealii  and  volume  coiilrollcd  n\cr  several  breaths  lie,  Siemens  ((Hi),  .ii  the  venlilatiiui  iii.iy  switch  hetvvcen  volume-  ; 

pressure-control  within  a  breath  (Bear  IIXI 01  Bird  K4fKI  S1 1 
^  Prcssurc-rcgulated  volume  control  (Sientens  MKti 

"Mandatory  minute  ventilation;  may  also  be  accomplished  by  increasing  spoiilaneous  hiealh  pressure  Imul  instead  ol  maiid.iloiy  hiealh  rale 
^Pressure  augment  tBcar  1000)  and  volume  assisted  pressure  supfHirt  I  Bird  t(4()(]SI  I 
"^Prckssurc-tegulatcd  volume  control  (Siemens  .^tKM. 
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The  BEAR  1000  Ventilator. 
It  redefines  the 
shape  of  therapy. 


No  two  patients  are  alike.  Their  need  for  care 
ranges  from  the  routine  to  the  enormously  complex. 
This,  in  turn,  has  created  the  need  for  particularly 
adaptable  ventilators. 

Meeting  this  challenge  is  the  BEAR  1000  Ventilator. 
It  is  today's  newest,  most  versatile  ventilator.. .the 
first  system  designed  to  help  you  actually  shape 
each  breath  and  lessen  your  patient's  work  of  breath- 
ing. So  now,  you  can  assure  flow  synchrony  in 
volume  breaths... as  you  guarantee  volume  in  pres- 
sure breaths.  All  told,  it's  added  flexibiUty  for  a  new 
dimension  of  performance  and  patient  sensitivity 

Planned  for  effortless  operation 

All  BEAR  1000  Ventilator  controls,  displays,  monitors 
and  alarms  are  logically  arrayed,  making  them  intu- 
itive to  learn  and  easy  to  use.  Ingenious  software- 
only  upgrades  mean  you  can  match  features  to 
both  your  patients  and  your  budget.  There  is  no 
need  for  the  cost  or  complexity 
of  added  electronics.  1 

Reshape  your  practice  with 
the  BEAR  1000  Ventilator. 

Call  1-800-232-7633  or  your 
Bear  representative  to  discuss 
its  many  benefits.  Be  sure  to 
review  our  industry-leading 
acquisition  programs*  that 
include  software  rentals,  free 
future  software  upgrades,  our 
one-of-a-kind  satisfaction 
guarantee.. .and  the  only  plan 
that  protects  your  investment 
to  the  end  of  the  century. 


Need  an  immediate  evaluation? 
Rent  a  BEAR    1000  Ventilator 
from  your  national  rental 
organization; 

*Up  to  ,1  mouths  rental 

may  be  applied  to 

purchase  price. 


A  new  spirit  in  the  air. 

Today,  Bear  is  re-committed 
to  you  with  innovations  like 
the  BEAR  1000  Ventilator,  a 
higher  standard  of  customer 
support,  and  a  pervasive  new 
attitude  that  highly  values 
your  professional  opinion. 


Circle  109  on  reader  service  card 
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Bear 


Bear  Medical  Systems,  Inc. 

2085  Rustin  Avenue 

Riverside,  CA  92507 

Phone  800-232-7633   909-788-2460 

FAX     909-351-4881 

TLX     676346  BEARMED  RVSD 

Breathing  new  life 
into  ventilation. 


BEAR'  is  a  registered  trademarlc  of 
Bear  Medical  Systems,  Inc. 
©1992  Bear  Medical  Systems,  Inc 
•Some  conditions  apply. 
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SET  FOR  SAFETY. 


Rest  assured  that  when  you  use  the  SCT  3000",  you've 
set  the  standard  for  safety  in  heated  humidiflcation. 
The  SCT  3000  offers  the  precision, 
reliability  and  versatility  that  sets 
it  apart  from  the  rest. 

Once  the  heater  is  turned  on, 
a  sophisticated  microprocessor 
continually  monitors  and  controls 
system  performance  while  communicating  in  plain 
English.  If  a  problem  is  detected  during  operation 
the  comprehensive  alarm  system  activates  and 


Temperature  probe  has 
a  one  year  warranli/. 


disables  all  heating  elements  to  ensure  patient  safety. 

The  SCT  3000  is  one  system  for  all  applications, 
in  respiratory  and  anesthesia, 
from  neonatal  to  adult  therapies. 
Select  the  canister  size  to  suit 
your  patient's  needs,  and  pour 
the  sterile  water  of  your  choice 
to  maximize  cost  savings. 

When  all  is  set  and  done,  one  heated  humidifier 
stands  alone.  The  SCT  3000  from  Marquest  Medical. 
Set  for  Safety  ...  for  you  and  your  patients. 


3  canister  sizes  to  meet 
your  needs. 


Marquest 

The  New  Marq  of  Excellence 


Marquest  Medical  Products,  Inc. 

11039  E.  Lansing  Circle 
Englewood,  CO  80112 
800/525-1882 
303/790-4835 
Fax:  303/799-0210 

rcle  100  on  reader  service  card 


©  1994  Marquest  Medical 
Products,  Inc.  The  SCT  3000 
is  a  trademark  of  Marquest 
Medical  Products,  Inc. 
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ventilation  (depending  on  the  ventilator) 
and  is  also  an  ambiguous  use  of  the  terms 
assist  and  control,  from  a  general  engi- 
neering and  physiology  viewpoint.  Any 
breath  is  assisted  if  the  ventilator  does 
work  on  the  patient  (ie.  if  airway  pressure 
rises  above  baseline  during  inspiration'*). 
To  control  means  to  regulate,  and  what  is 
regulated  if  not  the  variables  of  the  equa- 
tion of  motion  for  the  respiratory  system 
(ie,  pressure,  volume,  flow,  and  time)'? 
Saying  control  without  specifying  what  is 
being  controlled  is  meaningless. 

Simplicity  is  served  by  realizing  that 
synchronized  intermittent  mandatory 
ventilation  (SIMV)  is  just  IMV  with  con- 
ditional logic  that  looks  at  changes  in 
baseline  pressure  or  flow  and  a  time  win- 
dow to  synchronize  flow  delivery  with 
patient  effort;  SIMV  with  pressure  sup- 
port is  just  SIMV  with  the  spontaneous 
breath  pressure  limit  set  above  baseline; 
mandatory  minute  ventilation  is  a  form  of 
SIMV  with  conditional  logic  that  either 
increases  the  mandatory  rate  or  the  spon- 
taneous assist  level;  pressure-controlled 
inverse  ratio  ventilation  (PCIRV),  airway 
pressure  release  ventilation  (APRV),  and 
BiPAP'"  are  similar  forms  of  pressure- 
controlled  SIMV. 

New  modes  on  the  Siemens  300,  the 
Bear  1000,  and  the  Bird  8400ST  are  de- 
scribed in  terms  of  dual  control.  The 
unique  features  of  these  dual  control 
modes  are  illustrated  in  Figures  I  and  2. 
Using  the  Siemens  300,  inspiration  is  al- 
ways pressure  controlled,  with  the  pres- 
sure limit  adjusted  automatically  by  com- 
paring actual  and  preset  exhaled  tidal  vol- 
umes. The  Bear  1000  is  more  complex  in 
that  inspiration  inay  switch  between  pres- 
sure control  and  volume  control  (actually 
flow  control )  based  on  comparison  of  ac- 
tual and  preset  inhaled  volume.  What 
inakes  things  interesting  and  different 
from  previous  modes  is  that  you  cannot 
always  tell  beforehand  whether  the  breath 
will  be  mandatory  or  spontaneous;  it  de- 
pends on  what  the  patient  does. 

In  the  final  analysis,  it  makes  little  dif- 
ference what  I  think  or  what  Blanch  and 
Desautels  think  about  classification  sys- 
tems. Students,  educators,  and  clinicians 
will  ultimately  choose  what  is  useful  and 
discard  what  is  not.  They  have  already 
made  such  choices.  I  have  received  over- 
whelmingly positive  feedback  from  rep- 


resentatives of  all  three  groups.  The  only 
resistance  has  come  from  a  few  ex- 
perienced speakers  who  seem  unwilling 
to  change  their  presentations.  The  new 
classification  system  has  been  adopted  in 
the  following  textbooks. 

Blumer  JL.  Pediatric  Intensive  Care.  St 
Louis:  CV  Mosby.  1990. 

Pierson  DJ.  Foundations  of  Respiratory 
Care.  New  York:  Churchill  Living- 
stone, 1992. 

Pilbeam  SP.  Mechanical  Ventilation: 
Physiological  and  Clinical  Applica- 
tions. 2nd  ed.  St  Louis:  CV  Mosby, 
1992. 

Boynton  B,  Carlo  WA,  Jobe  A.  New 
Therapies  for  Neonatal  Respiratory 
Failure:  A  Physiologic  Approach.  New 
York:  Cambridge  University  Press  (in 
press). 

Tobin  MJ,  ed.  Principles  and  Practice 
of  Mechanical  Ventilation.  New  York: 
McGraw-Hill,  1994. 


Volume  Support 


Barnes  TA.  Core  Text  in  Respiratory 
Care.  2nd  ed.  Chicago:  Mosby-Year 
Book.  1994. 

Scanlan  C.  Egan's  Fundamentals  of 
Respiratory  Care,  6th  ed.  Chicago: 
Mosby-Year  Book  (in  press). 

White  G.  Equipment  Theory  for  Res- 
piratory Care,  2nd  ed.  New  York:  Del- 
mar  (in  press). 

Branson  RD,  Hess  D,  Chatburn  RL. 
Respiratory  Care  Equipment.  Phila- 
delphia: JB  Lippincott  (in  press). 

Chatburn  RL.  Lough  MD.  Handbook 
of  Respiratory  Care.  2nd  ed.  Chicago: 
Mosby-Year  Book.  1990. 

These  writers  are  leaders  in  the  field, 
are  shaping  the  belief  systems  of  new 
generations  of  students,  and  have  found 
the  new  system  to  be  more  useful.  I  call 
upon  readers,  especially  students  and  ed- 
ucators, to  comment.  Let's  open  a  long 
overdue  dialogue  on  this  subject.  Are  you 
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Fig.  1 .  Simplified  algorithm  describing  two  forms  of  dual  control  IMV  found  on  the  Siemens 
300  ventilator  called  Volume  Support  and  Pressure-Regulated  Volume  Control. 
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Pressure  Augment 


(     trigger  on     j 


Fig.  2.  Simplified  algorithm  describing  a  form  of  dual  control  IMV  found  on  the  Bear  1000 
ventilator  called  Pressure  Augment. 


content  with  the  terminology  and  con- 
cepts presented  in  ventilator  operator's 
manuals?  Do  you  like  the  new  system  ac- 
cepted by  your  professional  society  at  the 
Consensus  Conference  on  Mechanical 
Ventilators?  Do  you  have  better  ideas? 
What  do  you  want  from  manufacturers 
along  these  lines?  If  you  don't  speak  out 
you  will  have  to  settle  for  what  is  given  to 
you,  good  or  bad.  As  Thomas  Jefferson 
said,  "Error  of  opinion  may  be  tolerated 
where  reason  is  left  free  to  combat  it." 

I'm  disappointed  and  a  bit  surprised 
by  the  tone  of  Blanch  and  Desautels's  let- 
ter. Where  were  they  3  years  ago  when 
the  system  was  first  introduced?  Why 
didn't  they  participate  in  or  comment 
after  the  AARC  Consensus  Conference  in 


1992?  The  health-care  industry  is  chang- 
ing rapidly,  and  I  believe  that  for  our  pro- 
fession to  survive  we  must  be  willing  to 
discard  old  paradigms.  I  close  with  the 
quote  I  used  in  my  original  article: 


If  you  make  people  think  they  arc 
lliinking,  they  will  love  you.  Bill  if 
you  really  make  llwni  think,  they 
will  hate  you. 

lilai.se  I'ascal 


Robert  L  Chatburn  RRT 

Director 

Pediatric  Respiratory  Care 

Rainbow  Babies  and  Childrens  Hospital 

Cleveland.  Ohio 
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An  Educator  Calls  for  a 

Standardization  of  Terms:  Taking  the 

Fat  Out  of  Respiratory  Care''s 

Alphabet  Soup 

As  respiratory  care  practitioners,  we 
all  know  the  "alphabet  soup"'  '  that  exists 
for  health  care  in  general  and  respiratory 
care  in  particular.  As  I  was  teaching  one 
of  our  program's  Spring  courses  "Pro- 
longed Artificial  Ventilation"  and  during 
our  Suinmer  ventilator  laboratories,  it 
struck  me  once  again  how  confusing  the 
terms,  acronyms,  and  abbreviations  can 
be — confusing  to  the  point  of  being 
ridiculous.  Even  well-defined  and  com- 
plete explanations  in  professionally  pre- 
pared material  can  be  confusing  and, 
perhaps,  amusing — particularly  to  the 
person  with  little  background  in  the 
field's  Jargon.  To  illustrate.  1  compiled 
the  following. 

Airway  Pressure  Therapy  & 
Alphahi't  Soup 

First  came  IPPB,  CI'l'B.  C.  A/C.  /.EEP. 
NEEP,  PEEP,  and  sPEEP.  Then  IMV. 
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SIMV,  CPAP,  NPPV,  HFPPV.  HFJV, 
HFO,  IPV,  VDR.  and  HBO.  Eventually 
we  got  to  CMV,  AMV,  EMMV.  MMV, 
PSV,  PCV,  PCIRV,  APRV,  CDAP. 
PRVC,  VS,  ECMO,  IVOX,  and  TGI. 
Coming  at  us  is  PAV,  PLV,  FLV,  and 
NO. 

RCPs  and  MDs  are  familiar  with  both 
PVS  and  FVS,  which  are  forms  of 
MAV.  Now  comes  BiPAP™  S/T-D 
with  APM  and  DCP  where  you  may 
observe  OFL  on  the  LED.  You  may  use 
S.  ST,  or  T  using  BiPAP.  CPAP,  IPAP, 
or  EPAP.  The  LED  on  the  DCP  will 
display  BPM,  OFL,  and  TV. 

When  using  T,  you  must  adjust  %  IPAP 
time  for  an  acceptable  I:E,  IPAP, 
EPAP,  and  BPM,  but  make  sure  you 
turn  on  the  APM  first.  When  initiating 
or  weaning  you  may  increase  or  de- 
crease IPAP  and/or  EPAP  by  2  cen- 
timeters at  a  time.  In  emergencies  you 
must  do  all  of  the  above  ASAP  to  aug- 
ment FRC  in  order  to  raise  SaO;  and 
PaOi  while  lowering  Pacoj.  thereby  sta- 
bilizing pH.  Monitoring  of  HR,  BP, 
RR,  and  EKG  is  also  recommended. 
Perhaps  all  of  this  will  culminate  in  a 
lowering  of  the  WOBi,  as  seen  on  the 
PA'  loop. 

All  of  this  can  be  reviewed  by  looking 
at  a  VHS  from  the  AARC  on  VCRs  at- 
tached to  TVs.  Maybe  someday  soon 


someone  will  put  all  of  this  on  CD- 
ROM  and  incorporate  it  into  CAI  and 
VR! 

Remember  that  BiPAP^"  S/T-D  may 
also  be  used  PRN,  OK? 

On  a  more  serious  note,  I  see  a  great 
need  for  the  standardization  of  much  of 
the  field's  jargon,  particularly  that  related 
to  mechanical  ventilation.  Students — and 
practitioners  as  well — can  have  their 
minds  'boggled"  by  the  proliferation  of 
terms.  I  believe  that  Rob  Chatbum's  1991 
article  in  Respiratory  Care'  (further  de- 
veloped in  the  Essentials  of  Mechanical 
Ventilators  Consensus  issue*")  was  as 
lucid  as  a  presentation  could  be  on  how 
standard  terminology  can  be  used  to  ex- 
plain ventilator  function. 

When  will  we  get  to  the  point  where 
everyone  uses  the  same  terms  to  explain 
the  function  of  the  ventilators  that  we 
use?  Perhaps  this  is  still  too  much  of  a 
rhetorical  question  at  this  time,  but  I  see 
the  need  for  consensus  on  this  issue — 
consensus  more  all  encompassing  and 
more  complete  than  that  expressed  in  the 
Association's  Consensus  Statement  on 
the  Essentials  of  Mechanical  Ventilators.' 

Will  the  Journal  take  the  initiative  to 
forge  such  consensus  in  the  near  future?  I 
believe  that  it  is  time  for  such  a  confer- 


ence and  that  RESPIRATORY  Care  is  the 
logical  change  agent. 

Joseph  G  Sorbello  MEd  RRT 

Assistant  Professor 

Department  of  Respiratory  Care 

and  Cardiorespiratory  Sciences 

State  University  of  New  York 

Health  Science  Center  at  Syracuse 

Syracuse,  New  York 
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Notices 


Notices  of  compoiitions.  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  hei^  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue, 
February  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  Respiratorv  Cakf.  Notices  Dept.  1  lO.W  Abies 
I  ane.  OallasTX  7.'i229-45W. 


Lambda  Beta  Scholarships 

The  I  amhd;i  Ret;i  .Society.  National  Honor  Society  for  the  Profession  of  Respiratory  Care,  is  awarding  four  $500 
schohirships.  An  applicant  should  be  a  current  student  in  or  recent  graduate  of  a  school  with  an  established  Lambda 
Beta  chapter.  Criteria  for  selection  are  ( 1 )  evidence  of  scholarship  (most  recent  transcript);  (2)  two  letters  of  recom- 
mendation; (.^)  a  sample  of  the  applicant's  written  work  (research  paper  or  essay  relative  to  respiratory  care  or  an 
essay  entitled  What  It  Means  To  Be  a  Respiratory  Care  Professional).  Deadline  for  submission  is  September  15. 
1994.  Scholarship  applications  are  available  from  the  school's  chapter  chairman. 

Establishing  a  Lambda  Beta  Chapter 

For  information  on  establishing  a  chapter  of  the  Lambda  Beta  Society.  National  Honor  Society  for  the  Profession  of 
Respiratorv  Care,  in  your  school,  write,  call,  or  fax  the  National  Office  of  Lambda  Beta  Society,  1701  W  Euless  Blvd. 
Suite  .^no.  F.uless  TX  76040  (pho  8I7-28.V28.'^5;  fax  817-354-8519). 

Grants  Available 

The  Administration  on  Aging  (Dept  of  Health  &  Human  Services)  announces  availability  of  funds  and  request  for  ap- 
plications under  the  Administration's  Discretionary  Funds  Program  for  research,  demonstration,  training,  develop- 
ment, and  related  capacity-building  activities.  Technical  Assistance  Workshops  for  prospective  grant  applicants  are 
being  held  in  several  cities  to  provide  guidance  and  technical  assistance.  Please  call  the  appropriate  contact  person  for 
the  time  and  location  in  your  city  of  interest:  Washington  DC,  Alfred  Duncker/Saadia  Greenberg,  Albert  Byrd/Irma 
Tet/loff  (202)  619-0441 ;  Boston  MA,  Thomas  Hooker  (617)  .565-1 158;  New  York  NY,  Judith  Rackmill  (212)  264- 
2976.  Philadelphia  PA,  Paul  E  F.rtel  Jr  (215)  596-6891;  Atlanta  GA,  Franklin  Nicholson  (404)  331-5900;  Chicago  IL, 
Fli  I.ipschult/  (312)  353-3141;  Dallas  TX,  John  Diaz  (214)  767-2971;  Kansas  City  MO,  Larry  Brewster  (816)  374- 
6015;  Denver  CO.  Percy  Devine  (303)  844-2951;  San  Francisco  CA,  Frank  Cardenas  (415)  556-6003;  and  Seattle 
WA,  Chisato  Kawabori  (206)  553-5341 . 

1994  Publication  Awards 

See  page  677  of  the  June  1994  issue  of  Rfspiratory  Cark  for  information  on  the  American  Respiratory  Care 
Foundation  Publication  Awards  for  1994. 
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September  1 

CRTT  Recredentialing: 
RRT  Recredentialing: 

$25.00 

$  60.00 

Fee  Schedule 

Written  Registry  Examination 

$25.00 

$  60.00 

Ijilry  I  evel  CR TT     new  Mppln:ml 

.$  90.00 

Clinical  Simulation  Examinalion 

$6.'i.00 

$100.00 

linlry  level  CRTT     re;ippluanl; 

$  60.00 

CPFT  Recredentialing: 

$25.00 

$  80.00 

RRT  Wrillcn  :inil  Clinitiil  Simiihilion- 

RPFT  Recredentialing: 

$23.00 

$1.M).00 

new  applicMnl. 

$190.00 

P/P  Specially  Credentialing: 

$25.00 

$1.^0.00 

Wnllen  Rcylslry  Only     new  applicant: 

$  90.00 

Membership  Renewal: 

Written  Registry  Only     rcapplicanl: 

S  60.00 

CRH/RRT/CPFT/RPFT 

$   12.00 

8310  Neiman  Koiid  •  Lenexa, 

hCansas  66214  •  (VK^)  599-42(»0 
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Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
Respiratory  Care.  Ads  for  other  meetings  are  priced  at  $5. .SO  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events,  RESPIRATORY  CARE. 
1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

July  26  AARC  Videoconference.  The  AARC,  in  conjunction 
with  VHA  Satellite  Network,  presents  the  fourth  of  a  6-part 
videoconference  series  "Professor's  Rounds  in  Respiratory 
Care:  Arterial  Blood  Gas  Troubleshooting:  Interpretation, 
Analysis,  and  Quality  Control"  (1  CRCE  credit).  For  informa- 
tion call(2 14)  830-0061. 

August  3-5  in  Orange  Beach,  Alabama.  The  Alabama, 
Louisiana,  and  Mississippi  Societies  for  Respiratory  Care  pre- 
sent the  23rd  Annual  Meeting  of  the  TriState  Respiratory  Care 
Conference  at  the  Perdido  Beach  Resort.  Presentations  include 
"Care  of  Surgical  ARDS";  "The  Impact  of  Health  Care  Reform 
on  Respiratory  Therapists  and  How  to  Deal  With  It"; 
"Professionalism:  Excellence  in  Presentations  and  Media 
Skills";  and  "New  Advances  in  Ventilator  Technology." 
Participants  can  earn  up  to  10  CRCE  credit  hours.  Contact 
Rocco  Tretola  BS  CRTT,  TriState  Respiratory  Care  Conference, 
6558  Orleans  Ave,  New  Orleans  LA  70124.  (504)  482-3530. 

August  3-5  in  Albuquerque,  New  Mexico.  The  NMSRC  hosts 
its  annual  summer  convention  at  the  Albuquerque  Convention 
Center.  Health  care  reform,  differential  diagnosis,  altitude  sick- 
ness, an  asthma  update,  management  roles  and  techniques,  and 
the  expanded  role  of  the  RRT  in  ACLS  are  featured  topics. 
Activities  include  the  annual  golf  tournament.  Sputum  Bowl, 
and  a  Las  Vegas  casino  night.  Contact  the  NMSRC  at  PC  Box 
35417  Station  D,  Albuquerque  NM  87176-5417. 

August  17-19  in  Atlantic  Beach,  North  Carolina.  The 

NCSRC  hosts  its  16th  Annual  Symposium,  "Clinical 
Technology:  Accessing  Our  Future,"  at  the  Sheraton  Resort. 
Contact  Beverly  Dukes  (704)  342-6795  or  Debby  Harlan  (704) 
379-5889. 

September  13  AARC  Videoconference.  The  AARC,  in  con- 
junction with  VHA  Satellite  Network,  presents  the  fifth  of  a  6- 
part  videoconference  series:  "Professor's  Rounds  in  Respiratory 
Care:  Hospital  Operational  Restructuring  and  Respiratory  Care" 
( 1  CRCE  credit).  For  information  call  (214)  830-0061. 

September    14-16    in    Ocean    City,    Maryland.    The 

Maryland/District  of  Columbia  Society  of  Respiratory  Care  pre- 
sents the  1 3th  Annual  Conference  by  the  Sea,  at  the  Carousel 
Hotel.  The  symposium  highlights  reengineering,  benchmarking, 
and  therapist-driven  protocols.  Contact  Elgloria  Harrison,  RRT, 
at  (703)  497-2500,  or  Sharyon  Brown  CRTT  at  (202)  884-3125. 

September  22-23  in  Napa,  California.  Chapter  10  of  the 
CSRC,  the  American  Lung  Association  of  the  Redwood  Empire, 
and  the  Respiratory  Therapy  Program  at  Napa  Valley  College 
present  the  12th  Annual  Napa  Valley  Conference,  "Current 
Concepts  in  Cardiopulmonary  Care."  Contact  Kate  Benscoter  at 
(707)253-3145. 

September  27-28  in  Honolulu,  Hawaii.  The  HSRC  announces 
its  21st  Annual  Respiratory  Care  Conference  at  the  Hilton 


Hawaiian  Village  Hotel.  Contact  Helen  Ono  RRT,  1 7 17  Palolo 
Ave,  Honolulu  HI  96816.  (808)  547-9532,  fax  (808)  547-9535. 

OTHER  MEETINGS 

July  29-30  in  Seattle,  Washington.  Voicing!  presents  the  first 
of  a  series  of  2-day  programs  entitled  "Communication 
Approaches  for  Tracheostomized  and  Ventilator  Dependent 
Patients,"  Harborview  Medical  Center.  Topics  include  anatomy 
and  physiology  of  tracheostomy,  mechanical  ventilation,  com- 
munication options,  assessment  and  treatment,  dysphagia  man- 
agement, and  clinical  research.  The  $375  registration  fee 
includes  textbook,  conference  manual,  refreshments,  and  lun- 
cheons. Other  program  dates  include  Aug  19-20  in  Chapel  Hill 
NC;  Sept  16-17  in  Louisville  KY;  Oct  7-8  in  Houston  TX;  and 
Oct  21-22  in  New  York  NY.  Contact  Voicing!  at  3857  Birch, 
Suite  194,  Newport  Beach  CA  92660.  (714)  833-2710. 

August  31-September  3  in  Christchurch,  New  Zealand.  The 

Third  Congress  of  the  Asia  Pacific  Association  for  Respiratory 
Care  presents  "Breathing  into  2001,"  at  the  Christchurch  Town 
Hall.  Contact  Stephanie  K  Humphries,  The  Planit  Group 
Limited,  Event  Organizers,  201  Cambridge  Terrace, 
Christchurch,  New  Zealand.  (643)  366-5955,  fax  (643)  366- 
5944. 

September  26-27  in  Ann  Arbor,  Michigan.  The  University  of 
Michigan  Medical  School  sponsors  "Update  on  Pulmonary  and 
Critical  Care  Medicine"  at  the  University's  Towsley  Center.  The 
course  focuses  on  interstitial  and  inflammatory  lung  disorders, 
evolving  technologies,  and  recent  concepts  in  pulmonary 
medicine,  critical  care,  and  infectious  diseases.  Approved  for  14 
hours  of  AMA  Category  1  credit  of  the  American  Medical 
Association's  Physicians  Recognition  Award  program.  Write  to 
Registrar,  Towsley  Center  for  Continuing  Medical  Educafion, 
Department  of  Postgraduate  Medicine  and  Health  Care 
Professions,  University  of  Michigan  Medical  School,  PO  Box 
1 157,  Ann  Arbor  MI  48106-1 157. 

Sept  29-Oct  2  in  London,  Ontario,  Canada.  The  Respiratory 
Therapy  Society  of  Ontario  (RTSO)  presents  its  22nd  Annual 
Education  Forum  at  the  Radisson  Hotel.  Contact  the  RTSO 
Head  Office,  122  Cumberland  St,  Suite  200,  Toronto,  Ontario, 
Canada  M5R  1A6.  (800)  267-2687. 

March  12-15,  1995  in  Denver,  Colorado.  The  AARC  and  the 

National  Jewish  Center  for  Immunology  and  Respiratory 
Medicine  announce  the  5th  International  Conference  on 
Pulmonary  Rehabilitation  and  Home  Ventilation  at  the  Hyatt 
Regency  Hotel.  Postgraduate  workshops  on  pulmonary  rehabil- 
itation, home  ventilator  care,  sleep  disorders,  smoking  cessation, 
and  transtracheal  oxygen  are  offered  before  and  after  the  confer- 
ence. The  deadline  for  receipt  of  abstracts  for  poster/oral  pre- 
sentations on  original  research  and  clinical  observations  is 
November  I,  1994.  Contact  the  National  Jewish  Office  of 
Professional  Education  at  (303)  398-1000. 
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CPAP 


Always 

A  Step  Ahead! 

Evita  makes  work  of  breathing 
even  easier! 


Occlusion-pressure 


10  \ ■■. :. 

0  1  2 


Intrinsic  PEEP 


Now  Drager  provides  you  with  two  more 
powerful  tools  to  optimize  weaning  of  your 
patients. 

Introducing  Flowtrigger  without  increase  of 
expiratory  resistance,  combined  with  P01 
measurement  to  determine  the  patients 
ventilatory  drive. 

To  extend  monitoring  capabilities  Evita  now 
includes  the  ability  to  measure  Intrinsic 
Peep  with  the  display  of  Trapped  Volume. 

With  Drager  you  can  stay  one  step  ahead  in 
providing  safe,  patient  friendly  ventilation. 
For  the  difference  your  patients  can  feel, 
choose... 

Drager:  Technology  for  Life 


Drager 

Technology  for  life 

4101  Pleasant  Valley  Road     Suite  100     Chantilly.  VA  22021 
Tel  (703)  817-0100     Fax  (703)  817-0101 

Circle  101  on  reader  service  card 


S500 


VOLDYNE 


Volumetric  Incentive  Deep-Breathing  Exerciser 

The  accuracy  of  Voldyne,  in  a  new  size,  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


Voldyne  2500   " 


■  A  smaller,  lighter  flow  cup  reduces  the  work  of  breathing,  thus 
improving  patient  performance  and  progress. 

■  Every  unit  is  individually  tested  and  calibrated  for  performance, 
reliability  and  superior  accuracy  of  inhaled  lung  volume 

■  Volume  incentive  spirometry  improves  assessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 
that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  further  mtormalion  contacl  your  Sherwood  O  R  ICrilkalCare 

1-800-325-7472    (outside  Missouri] 
1-800-392-7318     imMissoun) 


©1991  Sherwood  Medical  Company 
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